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INTRODUCTION. 


HE Fundamentals of ASTRONOMY having been 
largely treated of and explained in ſeveral preceding 
Parts of theſe INSTITUT IONS, where they were found moſt 


naturally to ariſe; the Principles relative to the practical 


Part now remain to be ſtated and illuſtrated; which therefore 
will furniſh a Syſtem of InsTITUTIONs of ASTRON O“ 
MiCAL CALCULATIONS for the Subject Matter of the 
Third Volume of theſe Phy/ico- Mathematical INSTITUTES; 

Not that I ſhould have troubled the Public with any thing 
more upon this Head, if 1 had found nothing that was not quite 
new and quite necefſary for public Good, to juſtify tuch an 
Undertaking. I believe at this Time of the Day all Aſtro- 
nomers and Navigators are pretty well convinced in what an 
imperfect State all our Lunar 7” ables are, that have been hi- 
therto publiſhed by the moſt able Auchors ; nor will this ap- 
pear at all ſtrange, if it be conſidered how very few Lunar 
Equations thoſe Tables contain, out of the great Numbers 
that really exiſt in Nature. 

Our modern Aftronomers being fully appriſed of this Mat- 
ter, and knowing there was no Remedy but an analytical Re- 
1wiution of that arduous Problem of Three Bedie, (as it wag 


a 2 called), 
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called) immediately addreſſed themſelves to the great Un- 
dertaking ; EULER, MAYER, D'ALEMBERT, CLAI- 
RAUT- abroad, and the late Mr. SiMps0N at home. What 
Succeſs has attended others, muſt be left to Time to diſcover ; - 
but Mr. CLAIRAUT has ſo far completed the Deſign, as to 
have publiſhed a Second Edition of a New SET of TABLES 
of the Moon's MoTions, calculated accoiding to the 
THrrory of Univerſal GRAVITATION. 

Theſe TABLES, together with the TREOR at large, 
and his New RESEARCHES thereupon, were publiſhed the 
Beginning of the prefent Year 1765 at PARIS, in a large 
Quarto Volume in French, and much more correct than thoſe 
of the Fir/? Edition. And it is this Set of Tables that I now 
preſent to my Countrymen in their own Language and 
Dreſs. 

To prejudice the Reader in favour of theſe Tables, by 
Encomiums on the Author, would be vain; it is ſufficient 
to ſay, that his Theory, from whence they are deduced, ob- 
tained the PR1ZE offered by the IMPERIAL ACADEMY 
at PETERSBOURG for the Solution of this Queſtion, viz. 
IVhether all the Inequalities obſerved in the Motion of the Moon 
were conſentancous to the Newtonian Theory? and what may be 
the true Theory of all thoſe Inequalitics, from whence the Place of 
the Moon for any propoſed Time may be moſt exattly defined! 

Hence it appears that a good Set of Lunar Tables can only 
be furniſhed by a T heory which takes in all che Caſes and 
Circumſtances of Gravitation between the Sun, Earth, and 
Mom; and ſhews the numerous Inequalities which naturally 
reſult from thence, reſpecting the Motion of the Satellite or 
Moon, and how they may be truly eſtimated. Such a 
Theory, then, is that of Mr. Clairaut by public Conſent ; 
and his Tables, of courſe, are ſuch as will give the Moon's: 
Place moſt exactly defined for any Time propoſed. 

I believe there is very little Reaſon to expect we ſhall ever 
have better Tables than theſe ; for the Lunar Theory itſelf. 
can afford but a given Degree of Perfection, which will al- 
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ways be the ſame if the ſame Number of Terms in the Infinite 
Series expreſſing the Moon's true Place be taken. Theſe 
Tables take in 20 of thoſe Terms ; and to take in more would 
be to no Purpoſe, as theſe are ſufficient for greater Accuracy 
in general than is required by the A/ironemer and Navigator 
in their uſual Computations. 

I know of no Cauſe of Difference or Preference in Lunar 
Tables derived from the Theory by the Rules of Analyſis, but 
the Stil and Accuracy of the Calculator, But who in this re- 
ſpe& can compare with our Author? When the great S1 M- 
$0n (ſome Years ago) engaged in the ſame Deſign, faw Mr, 
Clairaut's Performance, he at once deſiſted from his own. If 
S1MPsON's Genius, aſſiſted by Dr. Bradley's Obſervations, 
could not do better than what had been done by Mr. Cr a1- 
RAUT, who have we left to put in Competition with this 
moſt learned and celebrated Aſtronomer, and MEMBER of 
the RoyaL ACADEMIES OF SCIENCES of PARIS, of 
LoxnDoN, of PRxuss 14A, of Russ1a, of BolocxE, and 
of UPSAL ? 

But ſuppoſing the Author's Capacity ever fo great as a Com- 
putiſt, yet we have a Right to expect they ſhould ſtand the 
Teſt of the ſevereſt Trial by the Law and the Tyflimony of 
Nature, that is, by comparing the Places, Latitudes, Longi- 
tudes, &c. of the Moon found by Obſervations, with thoſe 
calculated by the Tables for the ſame Times. In this Re- 
gard no Man was more vigilant and ſcrupulous than our 
Author; his great Aſſiduity and unparallelled Patience in cal- 
culating his Tables were equally conſpicuous in n of 
them by Obſervations. 

To this End he has collected about 200 Inſtances of the Latia 


tudes and Longitudes of the Moon made at different Times by 


Dr.BRADLEyY and Meſſieurs Cas5IN1 and MIRALPDIz; and 
by Computations from his Tables it appears, that in regard to 
the Moon's Latitude there were but Nine Differences which 
amounted to more than a ſingle Minute of a Degree, and not 
one that exceeded 1 227%. ——As to the Differences in regard 


do 
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to her Longitude, there were out of the 200 but 23 which ex. 
ceeded a Minute, and not one that amounted to 11 Minute; 
An Agreement and Coincidence of Tables and Obſervations 
as was never known before. 

But though ſuch an Approximation of Art to Nature may 
appear juſtly ſurpriſing, yet I ſee no Reaſon why thoſe Differ- 
rences (ſmall as they ate) ſhould be ſuppoſed wholly owing to 
the Tables. Who does not know the Imperfection of the 
beſt Inſtruments for meaſuring Arches and Angles to Seconds ? 
How eaſy for a BRADLEY himſelf to flip a few Seconds 
ſometimes in ſuch lubricous Situations as the Obſetver often 
finds himſelf? If therefore Obſervations can be ſuppoſed in 
any Degree faulty, how little Imperfection will then remain 
to be imputed to theſe Tables 

It is very remarkable that theſe Tables ſo accurately agres 
with near 100 Obſervations of Dr. Bradley, that there is but 


ene in the Moon's Latitude where they differ one Minute; 


and only nine ſuch Differences in her Longitudes. Our Au- 
thor might therefore very juſtly ſay, that by his Tables one 
might be able to find the LoNG1TUDE at SEA to nearly 4 of 4 
Degree, when the Obſervation is properly made, viz. by taking 
the Mean of ſeveral. 

From the Nature of infnite converging Seritt it is plain, 
that Tables conſtructed on ſuch Principles, are capable of 
almoſt any Degree of Preciſion you will be at the Pains to 
give them, from a greater Number of Terms; Mr. MAyz# 
has publiſhed Tables of the ſame Kind with theſe, but with 
only thirteen Equations or Corrections of the Mobn's Mean 
Place, which therefore cannot be ſo accurate as theſe which 
have 20 of the ſaid Equations; and they that ſhall add to theſe 
four or five more, will for their Reward have the Satisfac- 
tion to find, what that farther Improvement will amount to. 

That I may convey ſome Sort of an Idea of this Affair to 
thoſe who are not mathematically learned, let it be conſidered, 
that the Series of FraRions 2, 1, & 17, t; 753» Tt; rs Ec. 
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cc. tinued in the ſame decreaſing Ratio to Infinity, would have 

the Sum of all its infinite Number of Terms equal to Unity or 
1. But the Ten firſt Terms of the Series are ſo nearly equal 
to unity, as to differ from it by leſs than dee Part; therefore 
all the following Terms of that infinite Series do not amount 
to 52257 Part of an Unit, 

Thus Mr. CLAIRAUT having thoroughly examined every 
Source, in the various Branches of-the Theory, from whence 
ny ſe nſible Increaſe to the reſpectiye Terms of his Series 
could ariſe, he found thoſe Terms could not be reduced to a 
leſs Number than 20; and imputes ſome Deficiencies he had 
obſerved in Mayer's Tables to his having ſacrificed ſeveral ſmall 
Equations (by no means to have been neglected) to abridge 
the Operation, and leſſen the Number of his Tables. 

Having ſaid what I think neceſſary concerning the eſſential 
Goodneſs and intrinſic Value of this new Set of Lunar Tables, 
I ſhall next obſerve, that there are ſuch material Circumſtances 
attending them which cannot but conduce to conciliate 2 
proper Regard and juſt Eſtimation from every conſiderate 
Reader. 

The firſt I ſhall mention is their being of a Form intirely 
new, and the moſt commodious poſſible in Practice. This 
conſiſts in rendering all the Equations affirmative ; by this 
means, though they are numerous, yet by an eaſy Addition only 
they are collected into one Sum, without the leaſt Labour or 
Fatigue to the Calculator ; his Mind is now no longer tor- 
tured and perplexed with heterogeneous Quantities, ſome to be 
added, others to be ſubtratied, whoſe Sums and Differences are 
at laſt to be collected, to obtain the equated Place of the Ob- 
jet. I can venture to ſay from Experience, that though theſe 
Tables for hnding the Moon's Place are three times more in 
Number than the common Tables hitherto uſed, yet I can 
make the Calculation in a third Part of the Time, and with 
iphnitely more Eaſe and Pleaſure, than by the uſual Methods, 

It ſeems to me that our Author's Invention of this moſt 
excellent Artifice was owing to the Intricacy and Difficulty 
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of the Computation from Tables of this Conſtruction, iu ih- 


uſual Manner of Ai mative and Negative Equations, as they 


ſtand in Mayer's Collection; a bare View of the Example o: 


the Moon's Place equated. in each, will be ſufficient to con- 
vince every intelligent Reader of the unparalleled am | 
of the one, and Perſpicuity of the other. | 

But what conduces ſtill more to the Eaſe of 5 vy 
theſe Tables of Mr. CLAIRAUT, is, that you have not 


only the Equations. themſelves, but even the very Argu- 


ments of each, ready calculated to your hand; indeed, if any 
one would be appriſed of the prodigious advantage he has in 
this reſpect, he muſt try the Experiment of a Calculation 
the Moon's Place by Mayer's Forms and theſe at the fas., 


time. '1 
Another Circumſtance greatly in favour of theſe new Te 


is, that being derived from a Phy/ico- Mathematical Ther | 


they carry as it were a Radiance of Light and Truth about 
them ; you do not here grope after the Luminary in the Dark ; 
you have a perſpicuops Rationale for what you do. Indeed 


this is upon Suppoſition that you underſtand the Principles 


of the Lunar Theory, at leaſt as far as they are here pre- 
miſed to theſe Tables for that Purpoſe. 

The laſt circumſtantial Recommendation of theſe new 
Tables is, that Mr. CLAaiRAUT was aſſiſted in the tedious 
Taſk of computing, ordering, and forming them, by no leſs, 
a Co-adjutor than the late molt learned and celebrated A/tro- 
#omer, the Abbe DE La CAILLE. To two ſuch Names as 
theſe what Arguments can be added to recommend any Work, 
in the 4/ironomical K ind, to all the World? Such reſpectable 
Cberacters gagg the Mouths of Envy and Intereſt, and extort 
Approbation even from Alomus himſelf, | 

But from direct and circumſtantial Evidence, let us next 
appeal to Fa, and from thence derive a poſitive Procf or 
real Demonſtration of the Perfection of theſe Tables, or the 
Proximity to Nature. . The 7% for this Purpoſe is, the late 
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memorable annular EcLipsE of the Sun, April 1, 1764. The 
Phaſes of this Eclipſe at London almoſt exactly anſwer, both 
in Quantity and Time, to what they are found to be by the 
following Calculation from theſe Tables, as inconteſtably ap- 
pears by the Number of Obſervations made in and about 
Landon, printed in the laſt Vol. of Philoſ. Tranſactions fo* 
the Year 1764 ; particularly that of the late Rev. Mr. Butss, 
Aſtronomer Royal. 

In ſhort, I am fully perſuaded no Set of Lunar Tables ever 
yet appeared, which merited the public Regard, in Point of 
Correctneſs, in any Compariſon with theſe. And if they 
meet with the Reception from the literary World which they 
Vgeſerve, and can maintain their Ground till others of greater 
Worth and Pre-eminence can diſplace them, it is all the 
Editor can wiſh for. : 

With regard to the Correctneſs of the Preſs, I have care- 
fully obſerved that every Figure through the Tables agreed 
with the Original, except in the Errata, which were but a 
few, and ought to have been corrected in the French Edition. 
One great advantage in this Engliſb Edition is, that the Type 
is much larger than in the Original, and the Tables of courie 
much eaſier to the eye, as well as more diſtinct; and there- 
fore leſs liable to occaſion any Miſtakes in Practice. 

The whole enſuing Diſcourſe being only a general Expoſi- 
tion and Illuſtration of the Nature, Conſtruction, and Uſe 


of the Tables, particularly in regard to Solar and Lunar 


Eclipſes, I ſhall not detain the Reader with any Detail of what 
I have done or added on that Head ; only one Thing ought 
to be obſerved, viz. That the Phaſes and Aſpects of the hea- 
venly Bodies are to be accommodated to the Spectator's Eye on 
the Surface of the Earth, conſidered as a flatted SPHEROID ; 
for this Purpoſe, I have given ſuch Precepts and InftruStiong 
as-were thought neceflary in a Subject of ſo important a Na. 
Kure. 

The Dimenſion of the ſeveral Parts of the Shadow on the 
Earth's Surface being abſolutely neceſſary to a' Geographical 
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Delineation or Map of the ſame, I have delivered that doctrine 
ſuceinctly from the Principles of Orthographie Projection; 
and becauſe I have not yet ſeen a Map of the Shadow of the laſt 
Eclipſe, which I can any- ways apprehend to be a juſt Repre, 
ſentation of it, I have given one which I think to be fuch, 
with ſome other Reaſons than my bare Ipſe dixi ta induce the 
thinking Part of Mankind to have the fame Opinion of it 
likewiſe. 

I had ſome Thoughts of adding one Chapter more on the 
Subject of the Perturbating Forces of the Moox, Venus, 


.and JUP.TER, as our Author has given us a Theory of them 


alſo, and Tables of their Equations ; but conſidering in how 
ſmall a Degree the Phænomena of Eclipſes are affected by 
them, I jucged it not worth while to trouble the young Aſtro- 
nomer with them here; but as in ſome other Parts of this 
Science they are too ſenſible to be diſregarded, we may take an 
Op ortunity of treating of them fully in the future Proſecu- 
cution of theſe Inſtitutions of Aſironomical Calculations, if what 
is now offered to the Public meets with an encouraging Re- 
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ADVERTISEMENT. 


M. Martin thinks it expedient to acquaint the GENTL E- 
MEN of the MARINE, that his Celgſtial GLoBE of 
twenty-eight Inches Diameter is * of ſuch a Con- 
ſtruction as muſt render it extremely uſeful at Sea, from 
the great Degree of Exactneſs with which any CAs E of 
SAILING may be practically repreſented upon it, and im- 
mediately ſolved, without any Difficulty or Fatigue, by any 
common Mariner, who does but know what is meant by a 
Spherical Triangle; as alſo in the Repreſentation and Solution 
of thoſe numerous Nautical and Aſtronomical Problems that fd 
frequently occur at SE A in regard to the Aſpects, Diſtances, 
Ec. of the SUN, Moon, and STARs, many of which are in 
themſelves very difficult to be underſtood, without having 


them properly formed on the GLoBE ; many Caſes are very 


ambiguous in Speculation and Calculation, which are not in 
the leaft ſo if conſtructed on the Surface of the GLOBE; and 
laſtly, how very tedious, perplexed, and harafling the Calcu- 
fations of many practical Problems daily prove to the moſt inge- 
nious Seaman, Experience ſufficiently teſtifies : All which 
Difficulties and Perplexities would in a great meaſure vaniſh 
by the proper Uſe and Aſſiſtance of ſuch a GLoBE and its 
Apparatus. Suppoſe he were to go one ſtep farther, and take 
upon him to beſtow upon this Globe the faſhionable Epithet of 
the LonG1iTUDE GLOBE, he does not know that he ſhould 
ſtand charged by Poſterity, one Hundred Years hence, with 


greater Abſurdity, Vanity, and Preſumption, than the Authors 


of the LON GITU PDE SECToR, the LoxG1TUDE CHAIR, 
or the LON GIT UPE CLOCE Gs; all of which, in regard to 
public Utility, he would venture to propheſy, mult at laſt 
yield to the ſuperior Advantage of ſuch a GLOBE, were it 
encouraged but with a Tenth Part of that Profuſion of public 
Treaſure, wbich has been ſo liberally beſtowed on many Pro- 
jects of this Kind, though far leſs promiſing in their Nature 
than this. | 

But though it be the Fate of the moſt uſefu] Things to be 
oftcntimes overlooked and neglected, he is not without ſome 
Hopes that it will by degrees be more thought of and conſi- 


dered ; eſpecially as he was firſt induced to think of ſuch a 
Conſtruction 
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Conſtruction of this large Cele/tial GLOBE by a Gentleman of 
well-known Skill in all Parts of Nautical ASTRONOMY, 
and at this time does no ſmall Honour to the Britih FLAG; 
was himſelf pleaſed to order one to be made in ſuch a 
anner, for his own Uſe at Sea. | 

Notwithſtanding the Judgment and Example of ſuch a 
Gentleman may be looked upon as an Argument (in/lar am- 
nium) ſufficient to recommend and authorize the Uſe of this 
Con ion of the Globe at Sea, yet it will not be ſo neceſ- 
fary to inſiſt upon it in a Caſe where every ſkilful Mariner 
can't fail of being a competent Judge for himſelf, For know- 
ing the Size of the Globe, he need not be told that a Degree 
of a great Circle is very near equal to 4 of an Inch, and 
therefore by means of a (Vernier or) Nonius, ſuch a Degree is 
ſubdiviſible to + a Minute or 30“, nay to 20“ if required, 
therefore if proper Circles be applied about the Poles of the 
Equator, Ecliptic, and Horizon, and furniſhed wich thoſe arti- 
ficial Diviſions, he cannot but know that any Spherical Tri- 
angle may be almoſt inſtantly form'd, and the Meaſure of 
its Sides and Angles become known by Inſpection only to Half 
or a Third Part of a Minute, in moſt Caſes as great an Ac- 
curacy as can be to any Purpoſe required. 

For fince in order to form and ſtate any Caſe for Nautical 
Calculations, the Meaſures of the ſeveral Sides and Angles 
mult be taken by inſtruments much leſs perfect than this large. 
GCiLOBE, it is evident the Globe is more than ſufficient for a 
So'ution as accurate as the Condition of the Problem will 
admit. How vaguely is the Ship's Way eftimated by the Log- 
Line? What Inaccuracy is the Angle of the Courſe ſubject to 
from the gioſs Meaſures by the Points of the Compals ? What 
great Perfection in the Difference of Latitude, the Haur- 
Angle, the Altitude, and other eſſential Parts of a CASE of 
SAILING, when determined even by Hadley's Quadrant, the 
moſt exact of all Sea Inſtruments? If the given Parts of a 
Triangle then are fo indeterminate, why ſhould the Part. 
ſought be required with fo great Precificn ? "Tis abiurd ta ex- 
pect it; and this Globe will find the Pait required with twice 
the Exactneſs that the others can poſſibly have 

Even in the Grand Problem of finding the Lo N GTU DE 
by the Diſlance of the Moon from the Sun or Star meaſured by 
the OcTanrT, the true Diſtance is by the GLOBE tobe 
meaſured with as great Hxactneſs as the apparent Diſtance. 
from Obſervation can admit of, Where is then the neceſſity 
of puzzling the poor Mariner with, blind, tedious, 3 

| | - an 
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and intricate RuLEs, derived from the darkeſt Receſſes of 
Spherical Trigonometry, to obtain an Accuracy of a few Se- 
cConds only? 

To conclude, he thinks it is not to be doubted but that if 
this GLOBE with its Apparatus were uſed in Conjunction with 
Mr. CLAIRAU T's TABLES of the Moon, the DIF FER 
ENCE of LONGITUDE would be attainable with much 
greater Eaſe than it is now, or ever will be, by any other 
Means whatſoever. In ſhort, where is the expert Mariner, 
who would not be immediately appriſed of the Light that 
would be thrown upon all his Operations in Nautical A/tro- 
nomy by the Conſtruction of ſuch a Globe; and conſequently 
of the inviting Pleaſures: of thoſe Studies, which do now 


appear rather diſcouraging from a dark and unintelligible Pro- 
gedure ? 


INSTITUTION 


INSTITUTIONS 
OF 
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O the Chronological PRINVCI LES of As T Ro- 
NOMY, = 


nomical CALCULATIONS ; but unleſs the Reaſon 

of each particular Step, and conſequently the Ra- 
tionale of the whole Proceſs, be laid open to the Reader, -it 
can afford a Satisfaction of no higher Nature than that of 
being able to do a Thing, as it were, mechanically; and that 
alone can be attended with very little Pleaſure to the inquiſitive 
and ingenious Mind, 

3762. To throw a Light, therefore, upon the following 
Computations, and Conſtruction of aſtronomical Tables, a 
few Chronological Principles muſt be premiſed, ſuch as reſult 
from thoſe Parts of Aſtronomy as we have already treated of 
in the ſeveral foregoing Parts of this Work, The firſt Buſi- 

Vor. III. B i neſs 


3761. T- is a very eaſy Matter to give Precepts for A/ftro- 
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geſs in CHRONOLOGY is to find out the beſt Standard ME A- 
- SURE of TIE for civil and ſcientifical Uſes. And when 
every Thing has been conſidered in that Regard, nothing has 
been found to anſwer ſuch a Purpoſe, but the Motions and pe- 
riodical Revolutions of the heavenly Bodies. 

3763. Among theſe, the Motions of the Two great Lumi- 

naries, the SUN and Moon, were the only ones that could 
be appropriated to ſuch an Uſe ; nor theſe neither, unleſs they 
were firſt properly qualified to anſwer ſuch Ends, viz. to be- 
come as adequate Meaſures of Time as the Nature of Things 
can admit of. One Revolution of the SUN through the Zodiac 
was called a VE AR; and One ſuch Revolution of the Mo oN 
was called a MoN TH. And thus the Ancients became fur- 
niſhed with a Twofold Meaſure of Time. IN 

3764. Beſides theſe Two larger Meaſures, they found it 
expedient to have one leſs ; and here the D:urnal Revolution of 
the Sun from the Meridian to the ſame again, anſwered their 
Wiſhes in a better Manner than any thing elſe could be found 
to do; and this Meaſure of Time they called a Dà v, or (in 
their own Tongue) Penne, including the common Day. 
and Night. 

3765. Their next Care was to find a proper Subdiviſion of 
theſe large Meaſures of Time; thus the YEAR was divided 
into Months; a MonTH into Days; Days into Hours, Mi- 
nutes, Seconds, &c. as we have ſhewn at large in the Treatiſe of 
CLock-WoRK. | 

3766. The Time which intervenes between the Sun's de- 
parting from the EquinoCtial Point, or any Point cf the Eclip- 
tic, and returning to the ſame again, is called the Tropical 
YEAR, which in its mean Quantity is ſtated by ſeveral Aſtro- 


nomers as follows: 
nnn 


By FLAMSTEED and NEWTON 365 5 48 57 
HALLEY — — 365 5 48 54 30 
CassSINI — — 365 5 48 52 
De LA CAILLE — 365 5 48 49 


MAYER — . 5 48 51 12 
3767. 
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3767. This is known by obſerving the Number of Revolu- 
tions, and Parts of one, which the Sun makes in any certain 
Number of Years. Thus the Place of the Sun was the laſt 
Day of December at Noon 1680, Old Stile, 

Ss © / i# 
9 20 34 46 
And the ſame Moment, on the ſame Day 1700 9 20 43 50 


— 


Therefore the Revolutions made in the Time 
of 20 Yeats, are — — R 20 0 9 4 

Then ſay, As 20 R oe o 4" is to 7305 Days (or 20 
Years) ſo is one Revolution (or 360?) to 365 D 5H 48 
57” the Length of the Tropical Year, according to Sir Is aac 
NEw TON. 

3768. The Sidereal YEAR is the Time the Sun takes in 
departing from a Star (or any fixed Point in the Heavens) and 
returning to the ſame again; and on by Sir 1/aac Newton's 
Computation is 365 D 6H 97 14/ 30”. The Difference 
between the Tropical and Sidereal Year, viz. 200 27" 30, is 
owing to the EquinoCtial Points not being fixed, but having 
a retrograde Motion in the Ecliptic at the Rate of 50” or 51! 
per Annum, as we have formerly obſerved (1922). This Mo- 
tion of 50% takes about 20 x of Time, as appears in the fal- 
lowing Tables. | 

3769. The Lunar MoNnTH is alſo twofold ; viz. The Pe- 
riadical MONTH, which is the Time the Moon takes in run- 
ning through a complete Circle in the Heavens, or in de- 
parting from a fixed Point therein, and returning to the ſame 
again; this Space of Time, at a Mean, is in our Age 27D 
72H 43' 4” 45“, but in a long Courſe of Time this Mean 
Month is variable; for at the Time between Hipparchus and 
Ptolemy it was 27 D 7H 43 5” 3“, and therefore it de- 
creaſes at the Rate of 1“ 5 15) in a Century. 

3770. The other is called the Synodical MonTH; and is 
that Space of Time which intervenes between one New Moon 
and the next following ; at the Beginning of this Century its 

MY mean 


I Mbit. a... 
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mean Quantity was 29D 12H 44 2” 53” 23” But at 
the Beginning of the Chriſtian Era i was 29D 12H 44 
3“ 15“, fo that it decreaſes alſo by 1” 16“ 16% according 
to Mr. Mayer. The Reaſon of the Difference of theſe two 
Months is contained in Inſtitut. 3592, and the following. 
3771. Before the Invention of the Teleſcope, and many 
other accurate aſtronomical Inſtruments, it was impoſſible for 
the Solar Years and Months to be determined to any conſider- 
able Degree of Exactneſs, and therefore we find the Antients 
applying the annual Meaſure of Time, or Year, in civil Life, 
in a very vague Manner. Thus Remnlus, the firſt King of 
Italy, formed the Year originally of ten Months only; begin- 
ning with March; which Year, as it fell far ſhort of the Solar 
Year, was obſerved by his Succeſſor Numa Pompilius, who 
added two other Months, viz. January and February; and 
now the Year conſiſted of 12 Months, | 

3772. But the Months of this Year were Lunar Months, 
or 12 Lunations of 29 Days each, which made this Civil 
Lunar Year to conſiſt of 354 Days. Which being till ſhort . 
of the Solar Civil Year of 365 Days, by 11 Days, theſe were 
afterwards added by Julius Cæſur. 

3773. This Civil Sali-Lunar Year of 365 Days being defi- 
cient of the true Solar or Tropical Year by 5 H 48“ 57” (3766) 
occaſioned the Beginning of the Year (in March) to go for- 
wards through the Seaſons nearly ane Day in four Vears, as is 
evident, ſince 5 H 48 57” wants but 11“ 3” of 6 Hours or 
+ of a Day. 

3774. This being obſerved, the fame Emperor ordered that 
one Day ſhould be added to February every fourth Year, by 
caufing the 24th of that Month to be reckoned twice ; and be- 
cauſe the ſaid 24th of February was the 6th (called by the 
Romans, Idus Sextilis) before the Kalends (or firſt Day) of 
March, therefore this fourth Year was called the Annus Biſ- 
fextilis, and is our Biſſextile or Leap Year. And the Year, 


thus corrected, is called the Julian YEAR or Julinn Ac- 
COUNT, 


3715: 
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3775. Becauſe the fix Hours in four Yeats is too much by 
11' 30 to equal the Civil with the Afironomical Year, therefore 
the Sun each Year muſt begin his Courſe 11 3“ before the 
Julian Year is ended; and this Quantity in 131 Years amounts 
to a whole Day, or in 1310 Years to 10 Days; therefore ſince 
the Equinox at the Time of the Nicene council A. D. 325, 
fell upon the 21ſt of March, it was found at the latter End of 


the 16th Century to happen on the xoth of the ſame Month, 


by this con/kant Anticipation, 

3776. By this means EASTER, and all other feſtivals 
which depended upon it, inſtead of being fixed in the Calen- 
dar of the Church, were found to be grofly erratic, and to go 
backwards through all th2 Months of the Year if let alone. 
But an Error in Chronology was inſufferable, and therefore 
Pore Gregory XIII. reſolved to make a Reformation of the 
Kalendar, and accordingly ordered 10 Days to be taken out 


of the Month of Oclober 1582, by calling the 5th Day the. 


15th. And to prevent the Regreſs of the Equinoxes for the 
future, ordered every 100th Year to conſiſt of 365 Days, 
whereas in the Julian Account it is a Leap Year of 366, The 
Calendar, thus rectified, has been ſince called the Gregorian 
Account, or New Stile. 

3777. Since the Council of Nice to the Year 1752, 1427 
Years have elapſed, and the Calendar was then rectified by the 
Britiſh SENATE, by ordering 11 Days to be left out of the 
Month of Sept. and cauſing the Civil Year to begin on the 
firſt of January. Theſe Things, together with ſome pre- 


cautionary Intercalations to ſettle the Equinoxes in future, 


make that Emendation of the Calendar, which may be pro- 
perly called the Britiſh Ac cou r or Georgian STIL E, as it 


was made in the Reign of GEORGE II. 

3778. Enough has now been ſaid to explain the Nature, 
Conſtruction, and Rationale of the Solar Tables in the Form 
we receive them from Mr. MAYER, as they ſtand in the ſe- 
cond Volume of the COMMENTARIES of the ROYAL 
SOCIETY of Gottingen. Theſe Tables, the learned Author 

tells 


— — 
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tells us, though they are nearly the ſame with others, were yet 
frictly examined by him; and he took not a ſingle Element 
upon the Authority of other Aſtronomers, till he had verified 
it anew by his own Obſervations, Therefore all I have to do 
is, to make them Engliſh, and to ſhew their Uſes i in Aſtrono- 
mical Computations relative to the Sun. 


CHAP. II. 


Of the NATURE, ConsTRUCTIoON, and UsE 
of Solar TABLES, on PRINC1PLEs derived 
from the THEORVY of a PLAN ET's Mo'T1oN. 


ABLE DL 
wh Title of the ft Table is, A Table of the 
Mean Motions of the Sun in Julian Years, By 
Julian Years is here meant ſuch as conſiſt of 365 Days in 
common, but every fourth Year of 366, agreeable to (3774). 
Againſt every ſuch fourth Year is placed the Letter B, to de- 
note it to be a Brſſextile or Leap Year, and the Numbers cor- 
- reſponding thereto are very different from the reſt, by the ad- 
ditional Motion of one Day. How the Numbers in this 
Table are computed, will be eaſy to underſtand, when it is 
conſidered, that in 365 D 5H 48“ 57“ the Sun makes one 
Revolution compleat, or runs through the 12 Signs of the 
Ecliptic ; therefore in 365 Days it will paſs through 118 29® 
45' 40“, which will therefore be the Mean Motion for one 
Julian Year. 
3780. Therefore the Motion for three Years of the Biſſex- 
tile Period will ariſe by a conſtant Addition of 118 29* 45 
40“ to the Motion of the preceding Year; and the Number 


of the fourth Year, by the Addition of the ſame Quantity, in- 
creaſed 


% ms © ry 
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creaſed by the Mean Motion of cog Days which is 59" 8”, 


theſe together make 0s 09 44 48“. 
* 


Then the Motion for the third Year is — 11 29 17 1 
'To which add — _ — o o 44 48 


—_—. 


* 


The Sum is the Motion for Biff. Year — 0 © 1 49 
To which again add — — =— 11 29 45 40 


— 


The Sum is the Motion of the fifth Lear 11 29 47 29 

And thus you proceed for the reſt. 

3781. It appears, that ſince four times 5 H 487 57“ is not 
quite a whole Day, therefore the additional Motion of a whole 
Day will be too much by 1“ 49“ (or in the Table 1' 50”) to 


cauſe the Sun to begin its Courſe exactly with the Beginning ' of 


the Year, or on December 31ft at Noon. Or thus, Suppoſe the 
Sun were to begin his Courſe from the Equinoctial Point on 
the 21ſt of March at Noon, it is plain that the Sun would not 
return to that Point till the next March 21D 5H 48' 57” in 
the Afternoon. Alſo that its ſecond Return to the Equinox 
would be March 21 D 11H 37' 54” at Night. The third 
Return would be on March 21 D 17 H 26” 51“, that is, on 
March 22D 5 h 26' 51” in the Morning. And laſtly, its 
fourth Return to the Equinox would be on March 22 D 11 H 
15' 48” in the Forenoon. | 
3782. Now ſince this fourth Return to the Equinox is 44 
12” before Noon, and the Addition of the Motion of a whole 
Day makes the Sun's Ingreſs exactly at Noon, it is evident the 
Time of the Equinox in the Heavens will precede the Time in 
the Calendar by 44' 12” in every Biſſextile Period of four 
Years, This Preceſſion of the Equinoxes will amount to a 
whole Day in about 130 Years, and therefore in order to keep 


the Equinoxes to the ſame Time in the Calendar, every 128th 


or 132d Year, which is a Biſſextile one, - ſhould be a common 
Year of 365 Days only. 1 


— 


N 
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3783. In the third Column are the Numbers expreſſing the 
Mean Motion of the Sun's Apogee, which is at the Rate of 
17 3“ per Annum; this is the ſame Point which we formerly 
called the Ahhelian of the Earth (3658). Its Motion is deter- 
mined by Obſervations at diſtant Intervals of Time, Thus, 

according to Sir I. NEW TON, 


8 


a | RUS ivi 7 
Its Place in 1680 was in — — 3 7 23 30 
ho And in 1700 * Re IT” „ 


© — — 


Hence its Motion in 20 Years — az' © 
which is 1' g” per Annum, as in the Table. 

3784. The fourth Column contains the Mean Motion of the 
Eyuinoctial Points; for theſe Points are not fixed, but have a 
Naw retrograde Motion, which, though unequable in itſelf, 
is at a mean Rate of 50% or 51“ per Annum, as we have ob- 
ern at (1922). 


ä TABLE II. 
378 5. The Title of this Table is, The Epochas of the Mean 
MAotions of the Sun adjuſted to Mean Time, under the Meri- 
dian of the Obſervatory, of Paris. By an Epocha is meant 
| any” [ſtated or given Year in any Account of Time, for which 
the Sun's Place or that of the Apogee is required to be known. 
Thus in the firſt Column, and in the upper Part, you findithe 
Centuries before the Birth of Chriſt to 600, and-the ſame 
after that Æra below to 1580 in the Julian Style. Then be- 
Sin the Epoche of the Gregorian Style, and are continued after 
. 7 36 to 1800 for every Vear of that Account. 

3786. In the ſecond Column of this Table the Place of the 
Sun i is ſpecified for each reſpective Epocha or Fear; and in 
the chird Column that of the Apogee, under the Titles of the 
| Longitude of the Sun, and of the Apogee, from the mean Place 
of the Vernal Equinox. 


3787. 
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3787. As theſe Tables are adjuſted to Mean Time, under 
the Meridian of the Obſervatory of Paris, which by the niceſt 
Obſervations is found to be 9 25“ before the Time at the 
Meridian of the Royal Obſervatory at Greenwich ; therefore 
when the Mean Time of any Phznomenon, or for any Cal- 
culation, is ſpecified or propoſed here, the ſaid 9' 15” muſt. 
be added thereto, to reCtify it for theſe Tables. And, on the 
contrary, when the Time is derived from theſe Tables, it muſt 
be diminiſhed by 9“ 15” to expreſs the Time at the Britiſb 
Obſervatory, as it lies more W2/ than that at Paris. And 9 
46“ muſt be added or ſubtracted for the Meridian of London, 
as this Metropolis is ſtill more Weſt from Parts, 

3788. Since the Year 1752 the Gregorian Account of Time, 
commonly called the New Stile, has been uſed by us; and 
therefore we uſe theſe Tables without any further Trouble 
than the ſmall Rectification now mentioned. As to the 
Numbers of the Table, they ariſe by the conſtant Addition 
of the Motion of the Sun and its Apogee in one Julian Year, 
except in Leap Year, which requires the Motion of a Year 
and a Day, viz. 44' 48“, to be aded according to (3780) 
for the Long. of the Sun from the mean Equinox, 


TABLE III. 


3789. The Title is, A Table of the Mean Motions of the 
Sun for Months and Days. The Months of the Julian Ca- 
lendar are on the Top, and the Days by the Side of each 
Column, in which the Mean Motion of the Sun for each re- 
ſpective Day of the Month is contained throughout the Year, 
which Numbers ariſe from the conſtant Addition of the Mean 
Motion in one Day, viz. 59' $''. A ſmall Column of Se- 
conds is annexed to each Month for the Mean Motion of the 
Apogee, | 

3790. At the Foot of the firſt Page of this Table is this 
Precept——1n the Months of January and February in a Biſ- 


fextile Year, let one Day be deducted from the Time propoſed. 
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The Reaſon of which is evident from what we have ſaid 
£3774)z becauſe ſince the Motion of a Day has been added to 
the Leap Year, and this Day is not put into the Calendar till 
the End of February, it is plain there is in each Leap Year 
the Motion of one Day too much in the two firſt Months, 
and therefore muſt be ſubdued, as preſcribed, 

3791, As January has 31 Days, there was no Room for this 
intercalary Day till the End of February, where it makes the 
29th, and thereby makes that the fit of March which would 
otherwiſe have been the /econd; and conſequently the 22d of 
March will by this means become the 21ſt, and the Equinox 
be thus kept to its proper Numerical Day of the Month of 


March, as required by (3776). 


TABLE IV. 

3792. This is a fmall Table, wheſe Title declares its Uſe, 
viz. A Table of the Mean Motion of the Sun for Hours and 
Minutes; in which, as the Numbers are produced by the 
conſtant Addition of the Motion of one Hour, viz. 2' 28“, 
there is no Explication required, unleſs it be this one Obſerva- 
tion, that becaufe there is the ſame Number of Seconds in a 
Minute as of Minutes in an Hour, (viz. 60), therefore the 
Number 2“ 28““ of Seconds and Thirds for one Minute will 
be the ſame as for Minutes and Seconds in one Hour; and the 
ſame 2“ 28“ likewiſe for Thirds and Fourths for the Motion 
in one Second. Hence tlie Reaſon of the threefold Notation at 
the Top of the Table. 


TIAWLE V. 

3793. This is A Table of the Apparent Diaueter and Houurhy 
Motion of the Sun, whoſe Argument is the Sun's Mean Anomaly, 
By the Word Argument is meant the Rule by which the varia- 
ble Apparent Diameter and Horary Motion of the Sun is eſti- 
matcd, and which, in boch theſe Caſes, is the Mean Anomaly of 


the Sun, 
3794. 
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3794. For we have ſhewg in the Tyzory of a PLANE T's 
Motion, that the Orbit ADP E, which it deſcribes about the 
central Body 8, is an Elkpfis (1230) and S the lower Focus 
thereof. Then if about the longer Axis AP a Circle be de- 
ſcribed upon the Center C of the Ellipſis, and divided into 
12 equal Parts, beginning from the Point A, theſe will repre- 
ſent the 12 Signs of Mean Anomaly; we have alſo ſhewn 
(3670, &c.) that by Mean Anomaly is meant its Motion from 
the higher Apſis A meaſured by the Angle AFL (ſuppoſing 
the Planet at L) and the true or equated Anamoly is the Angle 
AS “L; and the Difference 8 LF is the Equation of the Orbit 
(See Fig. 1.) 

3795. Now it is evident when the mean Anomaly is = 0, 
the Sun is at A in its greateſt Diſtance from the Earth at E, 
and conſequently its apparent Diameter will be there leaſt of 
all, viz. 31“ 34”, according to Mr. Mayer's Obſervations, as 
appears by his Table. In like Manner when the Sun has fix 
Signs of Mean Anomaly, or is at the lower Apſis P, it is 
then neareſt the Earth; and its Apparent Diameter is, of 
courſe, largeſt, viz. 32 38“, as in the Fable. So that from 
o to 6 Signs of Mean Anomaly it increaſes, and from 65 to 
I2* it decreaſes. 

3796. In like Manner when the Sun is at A, his Motion is 
ſloweſt, as being there fartheſt removed from the Center of 
Force 8, ſo that when the Mean Anomaly is S o, its Motion 
is but 2' 23” per Hour by Obſervation, as appears in the 

Table ; but when the Mean Anomaly is 6 Signs, the ſaid 
Hourly Motion is 2' 33“; whereas the Mean Anomaly being 
35 or 9?, the Hourly Motion is of a Mean Quantity, viz, 
2' 28“, as in {tated the preceding Table. 


TABLE FL 


3797. This Table contains The Equation of the Sun's Cen- 
ter; and its Argument is the Sun's Mean Anomaly as before. 
This Equation of the Center is the Angle SLF, as we juſt 

C 2 now 


| 
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now obſerved (3794); and as it is the Difference between the 
Mean and True Anomaly, it is plain that if one of theſe be 
given, the other will be found, by adding or ſubtracting this 
Equation to or from the given one. 

3798. It is further evident, that the Mean Anomaly is the 
Argument of this Equation, becauſe when the Sun is at A, 
this Angle or Equation is nothing, as you ſee in the Table; 
then as the Mean Anomaly increaſes, till it becomes three 
Signs, ſo that the Equation increaſes till it becomes 19 55" 
30“. After this the Mean Anomaly continuing to increaſe till 
it comes to be ſix Signs, or the Sun is in its Perigee at P, the 
Equation or Angle F L S will decreaſe till it becomes nothing 
in the ſaid Perigee. From this lower Apſis the Sun aſcends, 
and the Angle or Equation again increaſes till it comes to its 
Maximum, when the Anomaly is nearly 9 Signs. And as 
from thence it increaſes to 12 Signs, the Equation decreaſes 
to nothing in the higher Apſis A. And accordingly you ſee 
the Numbers expreſſing this Equation increaſe and decreaſe in 
the Tables. 


TL Ev 


3799. This Table contains the Diſtance of the Sun from the 
Earth for every Degree of Mean Anomaly, which Diſtance is 
the Line SL in the Figure. Aſtronomers divide the mean 
Diſtance A C into 100000 equal Parts; then it is found by 
Obſervations that the Eccentricity CF=CS, in the Earth's 
Ellipſis, is 1680 of thoſe Parts; and hence the greateſt Diſ- 
tance of the Sun SA will contain 101680, and the leaſt Diſ- 
tance 8 PS 98320, as in the Table appears. 

Therefore the Argument for the Numbers of this Table 
muſt be the Hean Anomaly of the Sun, becauſe theſe Num- 
bers decreaſe from the Aphelion A to the Perihelion P, and 
from thence increaſe again. | 

3800. In the oblique Triangle $ LF, the Sum of the two 
Sides, SL LF = AP==200000 the other Side S F = 3360 
the double Eccentricity ; the Angle S FL is the Complement 


s 939 
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of the Mean Anomaly AFL; the Angle LS F is the True 
Anomaly; and the Angle SLF the Equation of the Earth's 
Orbit, or Center ; conſequently this Triangle is a capital 
Element in Aſtronomy, and rendered of general Uſe by means. 
of this Table. But barely in regard to calculating the Sun's 
Place, this Table is of no Uſe. 

N. B. The Reaſon of the Corrections contained in Ta- 
bles VIII. and IX. will be taken Notice of after the 
Theory of the Moon is premiſed, as they proceed from 
perturbating Forces like thoſe which produce the Lunar 
Irregularities. 


GH AF. 


The Turoxy of the Moon's Morlox ex- 
plained from phyfical Causks, viz. the Pow ERS 
of GRAvITY acting upon the Sun, EarTHn, 
and Moon mutually, and in the Ratio of the 
Square of the Diſtances inverſely. 


3801. F the Moon, in its Motion about the Earth, was af- 
1 fected with no other Centripetal Force but that of 


the Earth alone, ſhe might deſcribe an Ellipſis about the Earth 


in one of its Foci, in the ſame Manner as the Earth deſcribes 
one about the Sun ; the Times of her Revolutions would be all 
equal ; the Places of the Apogee, Node, and the Inclination of 
the Orbit would be conſtantly the ſame ; and the Lunar Tables 
would be of the ſame Form as the Solar ones already deſcribed, 
and the ſame in Number nearly. 

3802. But becauſe the Moon is affected not only by the 
Earth's Gravity, but at the ſame time by the Gravity of the 
Sun; and theſe Two Forces being directed to different Points 
or Centers, will produce a Variety of Irregularities or Inequa- 
lities in the Moon's Motion, and render many Tables of Equa- 


tions 
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tions neceſſary for aſcertaining het Place, as alſo that of her 
Apogee, Node, &c. for any given Time, with the Quantity 
of the Inclination of her Orbit, Latitude, Eecentticity, Ap- 
parent Diameter, Parallax, &c. 

3803. To make this intricate Doctrine plain, we ſhall here 
conſider the Action and Effects of theſe Forces in the mot ſimple 
Caſes, v:z. ſuch as the Moon deſcribing a circular Orbit about 


the Earth in its Center, Which Orbit is alla in the Plane of 


the Ecliptic or Earth's Orbit; and this Orbit of the Earth 
muſt be alſo ſuppoſed à Circle in whaſe Center is the Sun. 
Theſe Things premiſed, let 8 be the Sun, T the Earth, P 
the Moon, in its circular Orbit A DBC; and draw 87. 
SP (Fig. 2.) 

3804. Then ſince the Force of Gravity in the Earth T, 


and Moon P, towards the Sun 8, are as _ and —_—_ (986) 


therefore in the Line SP (continued out) take SL to S T (or 


8K) as SK (or ST) SP“; and the Lines SK and 8 L 
will repreſent the attracting Forces at the Earth T and Moon 


P. Parallel to PT draw L M, cutting the Line 8 T (pro- 
duced if there be Occaſion). Then is the Force (at the 
Moen) SL reſolved into Two others LM and SM; of which 
the firſt LM conſpires with PT the Direction of the Moon's 
Gravity to the Earth, and is therefore an additional Force to 
the Moon's Gravity tawards the Earth in the Point P. 

3805. The Second Part LM is the Sum of the Earth's 
Gravity T8 to the Sun, and the additional Part I M of the 
Sun's Force 8 M, which acts upon the Moon P in a Direction 
paralled to 8 T, and produces two very conſiderable Effects, 
which may be thus explained. 

3806. From P draw the Line P equal to T M and parallel 
to T8, and from 5 let fall a Perpendicular qr upon TP 
produced; then will the Force Pg (or TM) be reſolved into 
the two Forces qr and r P; the firſt of theſe is parallel to the 
Tangent a5. at the Point P, and therefore is that Part of the 
Solar Force by which the Moan is accelerated in ber Orbit from P 


tewards A. 3807. 
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3807. The ſecond Part P being in the Direction of the 
Earth's Attraction PT, and acting contrary thereto, is that 
Part 'of the Sun's Force by which the Earth's Attraction upon the 
Moon is diminiſhed at the Point P. | 

3808. In the oppoſite Quarter ſuppoſe the Moon at p, and, 
drawing 8 þ, take $1: SA:: 81 8p; and draw md parallel 
to Ty; laſtly make ps = T m, and reſolve it into the two 
Forces pt and t. Then here alſo the Force m4 increaſes the 
Moon's Gravity to the Earth, and the Force'p t leſſens it; the 
Force ts accelerates the Moon's Motion from p towards B. 

380g. If a like Conſtruction be made in the other two 
Quarters AD and BC ; it will appear that in them the Sun's 
Force upon the Moon will in part increaſe and in part dimi- 
niſb its Gravity towards the Earth; while the third Part, acting 
contrary to the Direction of the Moon's Motion in her Orbit, 
will retard that Motion in both Quarters (Fig, 2.). 

3810. Hence it appears that the Motion of the Moon is ac- 
celerated-and retarded alternately in each Quarter; which Phæ- 
nomenon was firſt obſerved by the famous Tycho Brube, and 
was by him called the VARIAT TON. This unequable Mo- 
tion of the Moon will not admit of equal Angles being deſeribed 
in equal Times, as would be the Caſe by an egual Motion in u 
Circle. 

3811. For now we can no longer conſider the Moon's Or- 
bit of a circular Form; becauſe in and near the Syzigies A and 
B the accelerated Motion will carry her through a larger 
Arch in the ſame Time than what ſhe deſcribes in the Quadra- 
tures C and D with her mean Velocity. Beſides, the abſolute 
Gravity of the Moon to the Earth being leſs in A and B than 


it is in C and D, the Moon will be leſs defleQed from a right 


lined Pata, the leſs it is attracted towards J. 
3812. Hence the Moon in C and D recedes farther from the 
Earth T than at the Points A and B, where the Orbit is leſs 


curved. And the Form of the Orbit is an Oval, with the 


Earth in its Center, as repreſented in Fig. 4. For, as we 
have ſhewn, it cannot be a Circle; nor can it be an Ellipſis, 
becauſe 


becauſe S T is conſtant, it will be 8 M : 
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becauſe the Parts of the Solar Force LM and 8 M have nei- 


_ ther the Ratio nor the Direction neceſſary for that Purpoſe. 


3813. For with reſpe& to the firſt L M, though it be directed 
to the Center T, it is not inverſely as T P *, but directly and 
ſimply as PT; for by ſimilar Triangles SPT, SPM, we 
have SP: PT'::SL: LM, therefore LM = ——g5,— 


ak 


but SL is as (3804) therefore LM is as —— 5 


And 


81. 


In L,; that is LM: Im: PT: 2 T; and therefore 


Sp? 


the Earth's Force compounded with the Force L M 


* 
FE. 


makes a Force as PIT + = by which no Conic Section 


can be deſcribed (1230). 


3814. Then as to the Force SM, it will cauſe the Lunar | 


Orbit to vary from an Ellipſis on a double Account: firſt, as 
it does not act in the Direction PIT; and ſecondly, becauſe 
it is not inverſely, as P T *, which is thus ſhewn. By ſimilar 
Triangles we have PT: ST:: LM: S M, therefore SM= 


STxLM ZE $T 
FI but LM: * ; therefore 8 M = 


I 
S P 
3815. It is evident, when the Moon P is at C or D (in the 


Quadratures) the Line P L or TM vaniſhes, and LM is co- 


incident with C T, and equal to it. And becauſe of the im- 


menſe Diſtance of the Sun 8, the Lines SL and S M may be 


deemed parallel, and ſo every-where we have LM —PT, and 
PLT M; and, without any ſenſible Error, we ſuppoſe 
SP=S3K. 

3816. Now in the Syzigies A and B the Force LM is di- 
rectly oppoſed to the Force I Mor PL, and becauſe in that 
Caſe it is equal to AT P K; therefore PI. PK g KL, 
will 


n 
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will-then be the whole Force by which the Centripetal Force 
of the Earth upon the Moon will be diminiſhed by the Action 
of the Sun; hence the general Ratio of K L to TM remains 
to be ſtated. 

3817. Becauſe by the Conſtruction 8 L: S KS K 2: 


$P*; therefore SL -S K: S K. SK 8 8 P of 
but SL—SK=KL, andSK*=SP* + 2SPxPK+ 
PK*; therefore KL:SK::2SPxPKE+PK*:$SPz; 
and laſtly, becauſe SK = SP +P K, OR 15 the laſt Ana- 


logy we have K I. = 2 PK + 3 * 8.5 


laſt Terms may be neglected as of no Value, fo that K L = 
2FE, dPL = FM =40tK. 

3818. Conſequently in the Conjunction A, and Oppoſition 
B, we have TM Zz T A; whence it appears that the Dimi- 
nutien of the Earth's Gravity by the Action of the Sun is then 
twice as much as the Increaſe thertof in the Quadratures. So 
that upon the Whole ſince K L is greater than L M, the Gra- 
vity of the Moon to the Earth is more diminiſhed than increaſed 
by the Sun's Action. 

3819. Let P be the Moon's Periodical Time, and P . 


and let F = Earth's Centripetal Force; then we have F: 


: but the two 


_ 
(1176). So that when (a) is conftants the Period of the 
Moon's Revolution will be increaſed in the Jubduplicate * o of 


that by which the Force F is diminiſhed ; for ehen P: F. 


3820. Alſo ſuppoſing PT or (a) variable, then in every 
Caſe we have P: a* (1181) or P: 21; whence if (a) and 


F be both variable, it will be P : at * FI, chat is, the Pe- 
riodicul Time will be in the ſeſquiplicate Ratio of the Diflance 
PT, compounded with the inverſe ſubduplicate Ratio of the Cen- 
tral Force F. 


Vol. III. D 3821. 
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3821. Since the Force T M begins at the Quadrature and 
” increaſes to the Syzygy, where it is equal to 2 P T, there will 
be a Point between, where that Part of it which acts directly 
againſt the Central Force F will be equal to the Force LM, 
that is, where Pr =P T; and, conſequenty, where the Central 
Force F is neither increaſed nor diminiſhed 9 the Action of the Sun 


upon the Moon. 
3822. To determine this, Point P we have in the ſimilar 


Triangles KPT, and Pr, this Analogy PT: PK: P59 
Fr Whence 3 PE* == PT; and 
conſequently PT: PK:: : 1:: Radius PT: Sine PK 
of the Arch CP = 35 16“; whence the Arch P A = 54* 
44 

3823. To determine the Point P or Angle PTA, where 
the Force g, which accelerates or retards the Motion of the 
Moon, is greateſt of all, let PK be produced to I, and draw 
IT (Fig. 3.) alſo from I let fall the Perpendicular 1G upon 
PT continued out; and becauſe I q is parallel to A B, and 
5 to IG, wehaverg:I[G::Pg:IP::3PK:2PK:: 
3: 2. Therefore == IG; ſo that when g is a Maxi- 
mum, IG is equal to Radius; but it is always the Sine of 
twice the Angle KPT or PTA (for ITG=KPT 
4KIT=2PTA) therefore the Angle PT A= 45˙ or 
the Arch PA or PC, an Octant of a Circle. 

3824. Laſtly, becauſe PT: PK:: Pf: Pr: : 3P R: Pr, 


therefore P = 37> 3 and pT PAP, 


which is the Expreſſion for the Part of the Sun's Force by 
which the Central Force between the Earth and Moon is at 
any Time affected. This is a Mamtmum when PK is nothing, 
or the Moon P in the Quadratures C & D; and when PT 
Pr O or PTS SP,, the Arch AP == 542 44, as ſhewn 
before (3822). 


3325. Thus it appears that by reaſon of the perturbating 
Force 


nex 
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Force of the Sun, the Moon could not deſcribe a Circular 
Orbit about the Earth, but an Oval one; and Sir J. Newton 
fas ſhewn that her Diſtance from the Earth in the Syzygies is 
to that in the Quadratures as 69 to 70, in round Numbers. 


SCHOLIUM, 


3826. The ſame perturbating Forces may be conſidered as 
influencing the Motion of the Earth, and producing ſome 
Irregularities therein ; the Sun's Force is indeed too ſmall to 
be ſenſible from ſuch immenſe Diſtance ; thoſe of the Moon, 
Venus, and Jupiter, were they all to conſpire, would accelerate 
or retard the Earth's Velocity about 40 Seconds; but as in ge- 
neral they act contrarily, their joint Effect is but ſmall and in- 
conſiderable, Hewever, as Mr. Mayer has given (in Ta- 
ble VIII.) a Correction of the Sun's Longitude and Diſtance 
from the Earth, depending on the Moon's angular Diſtance 
from the Sun, we have here inſerted it. As alſo, Table IX. 
for equating the Mean Place of the Vernal Equinox, and Ob- 
liguity of the Ecliptic, both depending on the Longitude of 
the Moon's Node. For the Rationale of all which, ſee Appen- 
dix I. Vol. III. of Philoſophia Britannica, 2d Edit. 


„„ 
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Of the Nature of the EqQuaT1ons or Corrections 
of the Mean PLAck of the Moon, her Nopxs, 
INcLINATION of her OrBiT, and Horizontal ' 
PARALLAX, as deduced from Mr. CLAIRAur's 
New TukoRx of the Moon. 


3827. AV ING premiſed the Phyſical Principles of the 
H Lunar Motions and Inequalities thereof, we ſhall 

next ſhew, that from them Analytical Computations have 
2 I Rp been 
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been made of the Motion and Place of the Moon, her Apogee, 
and Node; as alſo of the Quantity of the Inclination of the 


Lunar Orbit and Horizontal Parallax ; and thus by having the 


Mean Place in Tables derived from Obſervations, we are, by 
theſe Calculations, enabled to find the Corrections or Equa- 
tions, which, being properly applied, will give the true Place, 
c. of the Moon for any given Inſtant of Time. 

3828. By going thus directly to work in the Way of Ana- 
lytical Inveſtigation, the Lunar Tables of Equations have re- 


ceiyed quite a ne Form from. thoſe which have been pub- 


liſhed hitherto, and deduced from Hypotheſes of Motions in 
Cycles, Epicycles, Eccentrics, &c. by Ptolemy, Tycho Brabe, Kepler, 
Ricctoſus, N. Mercator, and many others; by which artificial 
Syſtems, the Tables fell ſhort both in Elegance, Perfection, 
and Perſpicuity, of thoſe which are derived. from the Natural 
Theory. And, indeed, it would have been in vain to have 
endeavoured at. an Explanation or Rationale of the former ; 
whereas in the latter, it is a natural Conſequence of their Con- 
ſtruction, and, of courſe, is ſelf-evident. 

3829. The Affair, in its firſt Principles, is alſo very ſimple, 
being compriſed in this fng/e Problem, viz. To find the Equation 
of a Curve which a Body will deſcribe, projected with any Velo- 


city and in any. Direction; and alſa atted upon by two Forces. at 


the ſame time, the one tending to a Center, and the other in a Di- 
rection perpendicular thereto. It is plain the Caſe of the Body 


in this Problem is fimilar to that of the Moon, which is to be 


conſidered as a Projectile, and is acted upon by a Centripetal 
Farce tending to the Center of the Earth, and another. 3 
at right Angles thereto (1170). 

3830. In the Solution of this Problem they conſider the Cen- 
tral Force as compoſed of two Parts, one of which is inverſely, 
as the Square of the Diſtance of the Center of Force, and the 
other as an additional ſmall Force ; juſt as we have found a Force 
reſulting from the Action of the Sun increaſing the Moon's Gra- 
vity to the Earth, and diſturbing the Moon's Motion (3824). 


3831. 
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3831- As this Problem is the moſt noble of all in the Phy- 
fica Matbeſu, ſo its Solution is the moſt comprehenſive, prolix, 
and arduous of all others; and can be the Taſk only of the 
greateſt Maſters in the Analytic Art. Among theſe the late 
Mr. CLAiR AUT: ſtands foremoſt, and his Work, juſt now 
publiſhed, intituled, TwzoRIE de la Lux, diduite du ſeut- 
PRINCIPE de PATTRACTION reciproquement proportionelle 
aus is de Diſtances, will eternize his Name; of which 
Performance it may be truly ſaid, Hic Labor, hoc Opus eft ! 

3832. What renders this Theory of Mr. CL AIR AU of 
the higheſt Eftimation is, that it is the only Analytical De- 
monſtration that the Lunar Theory, founded on the common 
received Law of Attraction, is in every Part extremely agree- 
able to all the Obſervations that have been made, and thereby 
puts an End to all future Doubts and Controverſies on this 
Head ; and. fixes the Newtonian Philoſophy on the moſt ſtable 
Foundation of demonſtrated Truth. 

3833. For with regard to the Motion of the Moon's A- 
ſides, there has been a wide Difference between other Theo- 
ries and Obſervations ; inſomuch that by Sir IS AAc's own 
Theory that Motion is not quite half what it is obſerved to 
be. Mr, MAcnin (in his Laws of the Moon's Mo- 
TION according to GRAVITY) roundly aſſerts— That he 
has never met with any Method, upon the commonly received 
Principles, that is perfectly ſufficient to explain the Motion of 
the Moon's Apogee. The Theory of Mr. D'ALEMRERT 
gives this Motion ſcarce half what it really is (See Mem. de 
Acad. Royale des Sciences, 1745). The Theory which gives 
it neareſt the Truth of any we have ſeen, is one in the Com- 
mentaries on the zd Book of the Principia, where it comes 
out near 45˙ per Annum, but it is at a Mean only 409 40' 40g. 
Even Mr. Clairaut himſelf was not, for ſome Years, appriſed 
of the Perfection of his own Theory, ſtrongly maintaining 
that the Motion of the Apogee could not be accounted for on 


the common Principles of gravitating Forces. 
3834. 
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3834. But the more he contemplated his Theory, the more 
hẽ became ſenſible of his Error, and he has now publiſhed it 
for the thorough Conviction of all Mankind. We are now 
ſenſible that the Lunar Theory is the proper Subject of an Ana- 
lytical and Fluxionary Calculus ; and all its minute Varieties de- 
terminable thereby. The general Rationale thereof is like- 
wiſe evident from the Nature of the Proceſs, and the Conſtruc- 
tion of the Lunar Tables, and their ſeveral Arguments, at once ap- 
pear from the Manner of forming the ſeveral Equations which 
produce them. 

3835. The Reſults of his Theory (with reſpe& to the ſe- 
veral Articles neceſſary in Calculation) are what we can at 
preſent only treat of ; and they are (1) The Equations for the 
Moon's Place in her Orbit and in the Ecliptic. (2) Thoſe of 
the Nope. (3) Thoſe which exprefs the Inclination of her 
Orbit. And (4) Thoſe for the Horizontal Parallax. 


3836. In theſe Equations Mr. CLaiRauT makes uſe of 
the following Symbols; viz. 

I. x = Mean Longitude of the Moon. 
. y = M. Long. C — M. Long. of the Moon's Apogee. 
z = Mean Long. © — Long. of the Sun's Apogee. 
t Mean Long ( — Mean Long. of ©. 
s = Mean Long. ( — Mean Long. of Node Q. 

"I As theſe Quantities, x, y, 2, t, and s, are real An- 
gles, or Arches of Circles, the Sines and Coſines of their 


Mn > Wn 


Sums and Differences are the Terms of theſe Equations, af- 


fected with Co-efficients,. which are alſo ſmall Parts of a 
Circle, and therefore expreſſed in Degrees, Minutes, and Se- 
conds; and therefore the Signs of theſe Co-efficients multiplied 
into the Sines of the Angles to which they are affixed, will 
give the Value of the ſeveral Terms which expreſs the very 


complex Equations of the Moon's Longitude, Latitude, Pa- 
rallax, 6c. 


3838. By putting 9 for the Sine of the ſeveral Angles, we 
have 
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have the true Place of the Moon in her Orbit expreſſed in the 
following Series of Analytical Terms: 


x—6® : 17“: 21“ S. y—10: 6“ 18% 8.2 1 —1 58“, 3 8. 
+ - 12:56, 8 8.2 y+ 33,28-4t—2 y+39: 31, 48.27 
—-- 31153, + 27841 


d11':25"S$z—0: 59“ 98.2 —2t—0: 23,1 8.6 —: 


—3:18\,8S2y—2t 


+3:18',3S t—y—z—2/:40'',5S.2i—z—7 :17',8S2t+y 
＋ 27: 23,7 SSy—z— 1“: 48", 2 S. PZ 17:8, 1873 


＋ 17:27“, 8 S. 2 +6",1 8. +y —26",88.2t—yFz 
* 18,2 8. 2 4 — 27 


+ 22,88./21+z+ 20',38.ſ2t—z+y + 11'',8 8.2) —2 ＋2 


—11“ 8.25 — 2 + 1% 9 8.35 — 21. 


3839. By this Expreſſion of the Place of the Moon, which 
conſiſts of no leſs than 20 Terms, the Reader will ſee to what 
a prodigious Degree of Exactneſs the Lunar Theory may be 
carried, provided proper Data could be obtained by Obſerva- 
tions. Theſe are (1) The Mean Eccentricity of the Moon's 
Orbit, which is here ſtated 0,054673, (2) The Eccentricity 
of the Solar Orbit, which is here made 0,01683. (3) The 
Ratio of the Mean Motion of the Sun to that of the Moon, which 
is that of 0,0748011 to 1. (4) The Parallax of the Sun, 
which is here ſuppoſed to be 10,4”, By theſe given Quan- 
tities the Co- efficients of the ſeveral Terms in the above Ex- 

preſſion were determined. | 

3840. Mr. Clairaut has likewiſe determined the Expreſſion 
of the Place of the Node, and the Inclination of the Moon's 
Nrbit, in 15 Terms each, which differ in the Co-efficients, 


but the Arguments, or literal Angles, are the ſame in each; 
and 


1 
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and by a "moſt ingenious and dextrous Management, he has 
found, that two Terms. only (out of the 15) are ſufficient to 
aſcertain the true Place of the Node, wiz. — 2“: 3“ S.y 
+10':23"S, . 

3841, In this new Method of conſtructing Lunar Tables, 
there is no Occaſion for thoſe of the Inelination of the Orbit, 
Place of the Apogee, Eccentricity, and ſome others found in 
the common Collections, as the Latitude of the Moon is di- 
rectly calculated from the Theory, in a general Table; and 
then corrected by the following Equations (putting / = Argu- 
ment of Latitude, and 4 =25—2t); viz. 

+8':46* El —t= 10%1 . T + 15,2 N=; 
—21,88/[—2y + 9,5 8,1 —} + y 
+ 2,6 J[— 35 — 1,7 S. ſ. 725 
— 425 N 


—23˙94 8. III 
＋ 10, 5 8. [{—&++z 


—4 7-54-24 
3842. The Horizontal Parallax of the Moon for the Lati- 
tude of PAR Is (the ſame alſo for LoN DON) reſults from this 
Theory in the following Expreſſion (putting c S=Cofine) v:z. 
3: 5%8 368. 34" cSh21—y + 28% 1 8. 27 
+ 0:10, 368. 2 + 0,4 8.14t—2y+ o, 308. 41 
— 0: 0, 668. 37 
3 * S. T f, S. 7 == 2 — 1/7 8.I21—2 
+ 1,26 8. 2 — O S. + z— o“, c Sf =. 
3843. Bai Mr. MAYER, I know of no Author who 
has framed Tables on the Reſult of a direct analytical Inveſti- 
gation of the Moon's Place, before theſe of Mr. CLAIRAVUr. 
MArER's Equations were deduced from an analytical Inveſti- 
gation of the celebrated Mr. EVER, by a particular Me- 


thod which he has not deſcribed, And though his Tables ex- 
ceed 


= a ai 
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ceed all before in the Number of Lunar Equations and Cor- 
rections, yet he has but 13 of the 20 here calculated from Mr, 
CLAIRAUT's. Theory. 

3844. Mr. CLAIRAUT has diſtinguiſhed his Equations 
into two claſſes ;, the firſt Claſs contains the firſt five Equations 
or 'Terms, which he calls large ones (though the two laſt of 
theſe are but ſmall) ; their Arguments he denotes in his Tables 
by the Capital Letters A, B, C, D, E; and has given their 
Values in Signs, Degrees, Minutes, and Seconds. 

3845. The ſecond Claſs contains the 15 following Equa- 
tions or Terms of the General Expreſſion of the Moon's Place. 
The Arguments of theſe ſmall Equations he denotes by ſmall 
letters, a, l, c, d, &c. in their reſpectiye Tables. And their 
Values are expreſſed, for the ſeveral Epochas, in Millaſſimal 


Parts of the Radius, like natural Sines and Tangents. 


3846. As theſe 20 Terms conſtitute 20 ſeveral Tables for 
correcting the Moon's Place in her Orbit, it may not be im- 
ptoper to give a diſtinct View of their Arguments, and of 
their Signatures; as alſo to point out thoſe which Mr. MAYER 
has made uſe of in his Collection, and the Order in which he 
has arranged them, which is quite different and almoſt contrary 
to that of Mr. CLAIRAUT. 


1. 7 wi 45 ad —__ 11 of Mayer, 
2. 2t—y - B — 12 
1 # - - G — 13 
4. „„ - ? — 1 
5. 25—2t _ = E¾, — 9 
6. y—#t - a — 10 
7. 2t—y—% d — 5 
8. 21—2 e — 3 
9. 2t+y - d — 6 
IO yore | 2 — 8 


3 ö 1 
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| ot 2. f 
2 
. » 
fry 1 
2 t — T2 -= 
21 ＋2 i 
21 — 2 ＋ <= 
2y—Zt+2 +» 
. 
20. 3 — 22 


© 


3845. It is now eaſy to obſerve that all theſs Arguments 
are compoſed of four particular Quantities. only; wiz. (1.) The 
largeſt of all confifts ſimply of the Me, Mean Anomaly 
Ay. (z.] The Sus: Mean Anomaly, D. (z.) The 
Diſtance of the two Luminaries Ct. And (4. ) The Dif- 
tance of the Moon from the Node =s, And from the 
dum, Differences, and various Combinations of theſe, all the 
Arguments reſult, of which there are but three fimple ones, 
viz. the 1, zd, and 4th. 

3848. From a proper View of the Arguments, the Nature 

of the Equations will in general appear. Yor the Moon: 
Anomaly is evidently the moſt governing Principle, as that 
Member of the general Expreffion where this Quantity alone 
enters, is many Times larger than all the reſt put together. 
And it ſo far influences all the Expreſſton, that there are but 
five Terms out of the 20, but where it actually enters, and 
has a greater or leſs Share in the Correction. 

2840. The. Sun's Mean Anomaly z not only conſtitutes 2 
ſmall Equation of itſelf (D), but it alſo enters into the Com- 
poſition of eight others, which ſhews in how general a Man- 
ner the Motion of the Moon is affected by fo fmalt an Element 
as the Eccentricity of the Solar Orbit. 

3850. Again, As we have ſhewn in the Phyſical Theory, the 


diſturbing Forces from the Sun depend greatly on the Aſpect 
[ = 


| 
> 
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of the tus Luminaries, or their Difference of Longitude in 
the Ecliptic, denoted in theſe Equations by t, inſomuch that 
it conſtitutes one Equation wholly, viz. the Variation C; and 
is concerned in 13 others, ſingly or in Multiples; but moſt 
often 2 (as in 20 out of the 14), the Reaſon of which will 


appear more fully in the next Chapter, 


* — — Tg 
W 4 1. A Ms A. 4 


CHAP. V. 


Of the Mz ruop of calculating the Quan T IT x 
of theſe Equations, and of conſtructing 
TaBLEs of the ſame. 


its Orbit (3838) conſiſts of the Mean Place {#) 
and 20 other Terms by which it is to be cerredted, it is evi- 
dent, theſe Terms will, when reduced to Numbers, conſti- 
tute ſo many Tables of Equations for that Purpoſe ; and they 
will all be neceſſary where it is required to have the Moon's 
Place determined to any Degree of Accuracy, as in EcLipszs, 
the Problem of finding the LON ITU DE, Oc. 

38 $2, In this Algebraic Expreſſion, we find all the Equa- 
tions in common Uſe, beſides a Number of others, which 
could never have been thought ,of had they not been brought 
to Light by the Analytic Art; and for want of them, all the 
Lunar Tables hitherto publiſhed muſt, of courſe, be very de- 
fective. Nor is it to be wondered at, that in a Combination 
of ſo many Incidents of ſuch variable Influence, the Moon's 


3851. A S the foregoing Expreflion of the Mooh's Place in 


Motion ſhould be affected in fo many different Regards, and 


require ſuch a Number of Equations, with ſo complex a Va- 


riety of Arguments. 
3853. The Numerical Co-efficients of each Term being con- 


ſtant, and the Literal Parts by which they are multiplied va- 


E 2 siabley 
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riable, it is plain, the Values of each Equation will ever bé 
In the Ratio of thoſe literary Expreſſions, which therefore will 
be the Arguments of thoſe Equations in * relpective 
Tables. 

3854. Before the Value of the Terms or Rand can be 
expreſſed in regard to Quality, that is, whether the Sum of 
its Parts be affirmative or negative, viz. to be added or ſub- 
tracted from the Mean Place (x), it muſt be conſidered, that 
the Sine of any Arch leſs than 180 Degrees is poſitive, and the 
Sine of an Arch between 1800 and 3609 is negative; as alſo, 
that the Coſine of an Arch in the firſt and third Quarters of a 
Circle is poſitive, but in the Quarters, negative. 

3855. Thus for Example, if in the Terms of the firſt 

Equation we ſuppoſe y 20, then 2 y = 40, and 3y== bo?, 
and the Sine of each poſitive. But if y = 609, then its Sine 
is poſitive, and ſo is that of 2y=.120?; but the Sine of 
3 y = 180? is nothing, ſo that laſt Part vaniſhes. Laſtly, let 
3 = 709, its Sine is poſitive, as alſo the Sine of 25 = 1409 3 but 
the Sine of 35 210 is negative. 
3856. Not only the Quality, but alſo the Quantity of each 
Term or Equation becomes known, from Nothin to its Maxi- 
mum State; becauſe when the Sum of the Terms of which the 
Argument conſiſts are together equal to nothing, it will ſhew 
the Circumſtances of the Moon, when that Equation is nothing 
or beginning. Alſo becauſe the Sine of go? is the greateſt of 
all Sines, it will from thence appear, when each Equation is 
in its Maximum State, and what its Quantity then is becauſe 
the Sine of 90® = 1, or Radius, 

3857. But in order to expreſs this Matter more clearly; let 
the Mean Longitude of the Sun, Moon, ber Node, and Apo- 
gee, be denoted by O, d, , and P. Then will 5 = 
—P;t=C—O, ands= C— Q, Therefore with re- 
gard to the firſt Term or Equation, when y = o= ((P, 
we have C =P, or the Moon is in Apogee. Alſo when 
3 =90®, this Equation is a Maximum; and when y = 1809, 
it again becomes nothing. Therefore it is evident this Term 

is 
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is the ſame with what is* - uſually called, The EQUATION of 
the CENTER (3797). 


3858. With regard to the ſecond Term, whoſe Argument 


is 21 - = 1 C10 -N PF (TP 20, it is 
eaſy to ſee, that as it depends upon the variable Longitude of 
the Moon's Apogee in Part, it makes that Equation which is 
commonly called the EvecTIon or EQuaT1on of the 
APoOGEE. This Equation begins when 2 — y = o, or 
when 2 t=y; and is a Maximum when 2 t—y = 909%; in 
this Caſe 4 t — 25 =180*. which makes the ſecond Part of 
the Term vaniſh; and conſequently this Equation, when a 
Maximum, is 1* 20! 18% 3. In Mayzr's Tables it is 18 
20! 42". | 

3859. The third Term, or Equation, having its Argument 
(), ſhews it to be that called the VAR IAT ION, or REFLEC- 
TION in common Lunar Tables, and of which we ſpoke in 
the Theory (3810). - When t=0, or the Moon is New, 
this Equation begins; and is a Maximum when the greateſt 
Part 39“ 31”,4 X Sine of 2 t is ſo, that is, when 2 = 90, 
or t = 45?, viz. in the Ofants, as we there ſhewed. In this 
Caſe, 4t = 1809, and the laſt Part vaniſhes ; and the firſt will 
amount to about 1' 3o”; therefore 39“ 31% 4— 1“ 30“ 
= 38“ 1” f; but in the Octants where the Sine of f is nega- 
tive, the Sum 39“ 31”, 4 + 1' 30“ = 41 1“ will be the 
Maxima of this Equation. In Mayer's Table un the V ARIA» 
TION, theſe Maxima are 29' 1, and 41' 41”. 

3860. The fourth Term, whoſe Argument is barely (z) 6 or 
the Sun's Anomaly, is that called the Solar Eau ATI ON, and 
could have had no Place if the Solar Orbit had been a Circle. 
This is therefore every Way analogous to the Equation of the 
Sun's Center (3797). Indeed the Eccentricity of the annual 
Orbit is but ſmall in itſelf, yet ſo extenſive in its Influence as 
to affect no leſs than one MF of thoſe numerous Lunar Equa- 
tions in (3838). 


3861, 


 laftly, it vaniſhes when 2.5— 21 == 480%, or 5 = O-) 
S9, or the Sup is 900 diſtant from the Node. 


30 INSTITUTIONS of 


3861. The h Term contains a ſmall Equation whoſe Ar. 
” gument is 25—2t== 2X © — &, or the double Diflance of 
whe Sun from the Moon's aſcending Nede. It is therefore plainly 
that which Sir I. NEzwTeN- calls the Second Semeſtrol, or 
Semi. annual EQUATION, This begins when s a= , or 
© = 9, that is, when the Sun is in the Node; and it is a 
Maximum when 2 5 — 24 905 „or S-—4 == 459, that is, 
when the Line of Nodes is in the Oftants of #he Sun. And 


3862. The fxth Term is the firft Semeftral Equation, whoſe 
Argument is 2y — 27; hence y — == © — P, which ſhews 
that this is another Equation relative to the Moon's Apogee ; 
and begins when © =P, or the Sun is in the ſaid Apogee. 
It is a Maximum when O- P = 45, or when the Line of 
the Apfides is in #he OFants of the Sun; and the Equation va- 
niſhes when 25 — 2 1 5 1809, or O = dat 
when the Apſides are in the Naben 

3863. All theſe Things are nearly the ſame as « ou Had de- 
Byered by Sir I, NEw TON in the Scholium to the 35th Prop. 
Book III. of his Principia. The following Terms contain 
Equations almoſt new, and without any particular Titles; and 
being but ſmall, and of the ſame general Nature with thoſe 
already treated of, they require nothing byrther to 1 ſaid by 


way of —— 
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CHAP VE 


Of the ConſiraRtion of the TABLES of the Pl den 
of the Nope, IN CEINATIeN of the om 
and Horizontal PaRALLAx. 


3364. HE Supplement of the Node is uſed in theſe 

Tables, inſtead of the Place of the Node itfelf; 
for a Reaſon hereafter to be given. The Mean Place thereof 
makes the firſt Column of theſe Tables; and this Mean Place 
is corrected by two ſmall Equations, viz. 2' : 3” S. y, and 
10“: 23” S, x, whoſe Arguments being y and z, theſe Tables 
are denoted by A and D, 

3865, Let the correct Place of the Supplement of the Node 
be called N; and if to this be added the correct Place of the 
Moon, you will have the true Argument of the Moon's Lati- 
tude, which call L. Then the Equation for the Reduction 
of the Moon's Place to the Ecljptic. (as deduced from tha 
Theory) is — 6“: 57“ S. 2L. Therefore the Table denoted 
by L contains the Numbers for this Reduction, calculated 
from that Expreflion. 

3866. The Equation of the EquinoRial Point from the. fiſt 
Star of Aries (whoſe Argument is the Diſtance of the Node Ny 
being added to the Moon's Place reduced to the Ecliptic, 
gives hex true LaNnGiTUDE from the ſaid Equinoctial Point. 

3867. The LATITUDE of the Moo, or its Supplement, 
in theſe Tables, is calculated from, the Expreſſion, or Angle, 
whoſe Sine is that of 5 : 18“: 38“ x Sine of L; the firſt 
Angle is the Mean Inclination of the Moon's Orbit to the Plane 
of the Ecliptic, and is conſtant ;. the Sine of which multi- 
plied into the Sines of all the Values of L. makes the General 
Table of the Moon's Co- Latitude, or Diſtance. from the Pole 
of the Ecliptic, whoſe Argument is L. 


3368 
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23868. This LaT1TUDE is corrected by four Tables of Equa- 
18 tions calculated from the Expreſſion of the Latitude, deduced 
1 from the Theory, as delivered (3841) of which the firſt is 
| made from the firſt Term of that Expreſſion, viz. 8“: 46 8. 
| 


T—k; and therefore has for its Argument L — E, which 
is the ſame as /— C. | 

3869. The three other Tables are made from the remaining 

| | | three compound Terms, and Are to be entered with a double 
+ Argument, viz. the firſt with L and A (correſponding to 
| 1-5); the ſecond with L—E and A (anſwering to 1— & 
x and y); and the third with L — E and D (the ſame as /—# 
and z, in the laſt Term), And thus the true Co-latitude is 

obtained from the Sum of theſe Equations. 
3870. The Expreſſion for the HoR1zonTAL PARALLAX 
; conſiſts of Nine Terms (3842) which therefore indicate as many 
| Tables of Equations to be neceſſary when the greateſt Exactneſs 
| 71/3) is required, But ſince Five of the Nine ate ſo very ſmall, as 
. to amount to more than about 5“ altogether, it was judged 
1 ſufficient in all common Caſes to calculate only Four particular 
1 Tables for the Equations of the Parallax, viz. thoſe whoſe 
ih Arguments y, 2 t—y, f, 21 ＋9, and are therefore denoted by 

i A Þ CG and d. 7? 
| 3871. But left any thing ſhould be wanting for the utmoſt 
fl} Accuracy which the Theory affords, the Author has calculated 
| N Five Supplemental Tables of the Parallax from the other Five 
Terms of the Expreſſion, which depend on the Arguments 
wy 21—5— 2, 21 — 2, y—2Z, y+z, 4t—y, and are there- 
{| fore denoted by ö, c, e, f, g; of which the three firſt are 
| poſitive, and the two laſt negative. 

3872. It is peculiar to the Conſtruction of Mr. CL a1- 
RAUT's Tables, that the Equations are all poſitive ; every- 
body knows the Difficulty and Confuſion that the common he- 
terogeneous Syſtem of Poſitive and Negative Equations in- 
duces in all practical Calculations. And Experience will ſoon 
evince with how much more Pleaſure and Eaſe thoſe tedious 

Proceſſes 
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Proceſſes may now be diſpatched by the ingenious Navigator 
and Afronomer. Nor is it difficult to ſee the Reaſon of the 
Artifice our Author has uſed for this Purpoſe. For let any 
Mean Motion or Place be denoted by M; the Equation by 3 
and the True Place by t; then will M ed =, 

3873. Now the Quantity t here depends upon an ambiguous 
Operation, viz. either the Addition or Subtraction of g, ac- 
cording to the Quality thereof, Therefore io take away this 
Ambiguity in the Proceſs, let the Equation q be tranſpoſed, 
and we have M = t—+—q ; and now let any conſtant Quantity 
r, greater than the Equation , be ſubtracted from both Sides, 
and we ſhall have M —r =! +—q Mz therefore M 
g+r =t. Hence if the Equation q be increaſed by the con- 
tant Quantity , the new Equation + 9 + will always be 
poſitive or addititious, becauſe r is ever greater than g ; ; and 
when 9 Se, then MT = M=. 

3874. As the 20 Equations for correcting the Moon's mean 
Place (3846) do not all of them amount to 11 Degrees; 
therefore Mr. CLAIR Ar has taken this Quantity from the 
Mean Place of the Moon in the Tables of Epochs, and di- 
viding the ſame into Parts proportional to the Quantity of each 
Equation, theſe Parts become the conſtant Quantity r to be 
added to each Equation, as the whole 119 is a conſtant Quan- 
tity, by which the Mean Places M are diminiſhed, and then 
M will be thoſe Mean Places for the reſpective Epochas in 
theſe new Tables, 

3875. To give a clear Idea of this Matter, one Example 
will be ſufficient. The Mean Place of the Moon the . 
ning of the Year 1736 (in Mayer's Tables) was M =4* 17: 
22' : 14“; this leſſened by 119, is 45: 6: 22 : 18” —M in 
Mr. Clairaut's Tables for the ſame Year. Then this 119 =r 
is diſtributed among the ſeveral Equations, as in the Table 
following : 


Vor, III, 8 72 
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To the Equation of the Center - A = 7 0 0 
The Evection — - — „( „ 
The Variation — * . 
Firſt Solar Equation - ID +» 0 29-0 
Second Solar ditto - - S = & 7. 
Semeſtral Equation - F 
All the other ſmall ones, J, c, SC. 0 26 o 
For the Reduction to the Ecliptic V 
Equation of the Equinox 5 EEE IS 


1 


Total 1 6 2 


n 


3876. The ſame Principle is applied to the four Tables 
for correcting the Moon's Co-latitude in the General Table L, 
where the Numbers are diminiſhed by the conſtant Quantity 
Io' 22“, which is divided among the four Tables of Equations 
as below: | | 


% FRY 
To the Table - - L—E - 8 44 
To ditto - — L&A - O 34 


To ditto - — — L—E&A — o 28 
To ditto 2 * L—E&D +» © 36 


Total 10 22 


3877. Laſtly, the Mean Horizontal Parallax of the Moon 
being diminiſhed by 10 4“, becomes 55 59”, to which the 
Numbers being added ariſing from the ſecond Term of the 
Expreſſion of the Parallax (3842) make the firſt Table whoſe 
Argument is A; and the ſaid 1 4”, being divided into pro- 
per Parts, are added to the Equations in the other three 
Tables B, C, and D, to make all their Numbers po/atrve. 

3878, Indeed the two laſt of the very ſmall Tables of the 
Parallax F and g are negative; but it could not be thought 


worth 


— I 
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worth while to undertake a laborious Taſk, for the ſake of 
anſwering ſo trifling an End, as rendering them poſitive: 


| 
| 
) 
ö 7 0 
| CHAP. vi 
| Of the TABLES of the HouxLy MorT1ons of the 
; Moox ; with the Rationale of their CONSTRUC= 
) TION; 
) 3879. HE Tables we have hitherto treated of, are ſuch 
— as give the true Longitude, Latitude, and Para. 
es lax of the Moon; there yet remains a Set of ſmall Tables for 
L, aſſigning, with the utmoſt Accuracy, the true Hourly Motion 
ty of the Moon; the Nature and Conſtruction of which will be 
ns eaſy to underſtand from the foregoing Principles; and as it is 4 
Matter of the greateſt Moment in the principal Problems of 
, Aſtronomy and Navigation, to know the real Velocity of the 
4 Moon's Motion at a given Time, we ſhall next explain the 
4 Tables reſulting from this new Theory, as calculated by our 
8 celebrated Author for that Purpoſe. 
6 3880. It has been abundantly ſhewn in the Phyſical Theory, 
PRC” that the Moon's Motion is variable on many Accounts, the 
2 principal of which, however, is, her variable Diſtance from 
* the Earth, as moving in an eccentric Orbit, and ſuch an one 
on too, whoſe Eccentricity is itſelf always variable. Now as; 
the in general, a Planet moves ſlower the farther it is from 
the the Center of Force, and the farther we are removed from an 
ofe Object the leſs its Diameter appears, therefore the Horizontal 
ro- Parallax of the Moon will prove a general Index or Argu- 
ree ment of the Moeon's Velocity, ſince they both increaſe or de- 
creaſe together. 
the 388 1. Suppoſing the Earth a Sphere ot perfect Globe, the 
ght Greateſt, Mean, and Leaſt Horizontal Parallaxes of the Moon 


F 2 are 
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are known by Obſervation to be about 54“: 10”, 56“: 58”, 
and 60“: 26”, according to MA VER; but in Dr. HALLE V' 
Tables we find them ſtated at 53“: 34”, 57 : 16”, and 59' 
: 43; andinCassInT's Tables they are 54' : 33“, 57': 54) 
and 62“: 11“. Whence it appears there is a conſiderable Un- 
certainty in regard to the true Quantity of the Moon's hori- 
zontal Parallax, therefore the Reader will find the Argument 
or Parallax in the firſt of theſe Horary Tables in its greateſt 
Extent, viz. from 52/ to 63“. According to which you have 
all Degrees of Velocity in the Moon's Motion from 27“: 4” 
to 39“: 52“ per Hour. 

3882. The Corrections of the hourly Motion of the Moon, 
it is evident, will have the ſame Arguments as belong to the 
Equations of the general Expreſſion of the Moon's Place; 
and accordingly we have three Tables, with the Arguments 
A, B, and C reſpectively; and according to the Quantity of 
theſe Arguments at the given Time, you take out the Cor- 
rection from each. That afforded by the Argument A, or 
Moon's Mean Anomaly, is but ſmall, The Evection B gives 


one not much larger; but by the Variation C, or the Di/- 


tance of the Moon from the Sun, it is very conſiderable, amount- 
ing to 18“; the Reaſon of which is plain from the Phyſical 
Cauſe (3810). 

3883. The Equations of theſe Tables are made poſitive alſo 
for the Eaſe of Calculation ; and theſe alone give the hourly 
Motion of the Moon to greater Exactneſs than is generally 
required; but to ſhew the Perfection of the Theory, and this 
Set of Tables, our Author was at the Pains of calculating 
Eight ſmall Equations, anſwering to the Arguments D, a, b, 
c, d, g, h, i, of which the er an are always poſitive, and 
the laſt negative. The Equations correſponding to the Ar- 
guments e, f, are too ſmall to be regarded. 

3884. After this follows a Table of the Hourly Variation 
of the Reduction to the FEcliptic, by which is obtain'd the Moon's 
hourly Motion in Longitude, As the Place of the Moon, 

f 0 and 
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and her Argument of Latitude, are reckoned from different 
Points of the Ecliptic, their hourly Variation cannot be pre- 
ciſely the ſame, but the latter will exceed the former about 
8”, 

3885. Having the hourly Variation of the Argument of 
Latitude, you enter the Table L or Table XX XI. with the Ar- 
gument of Latitude, and obſerve in the Column of Differences 
that which correſponds thereto; then ſay, As 60“ is to the 
Dif. in the Table, ſo are the Minutes and Seconds in the 
hourly Variation of the Argument of Latitude to the Propor- 
tional Part of that Difference in Minutes and Seconds, which 
will be the hourly Variation of the Moon's Co-latitude, with 
one Correction. 

3886. And then, having the Argum. L—E, you enter there- 
with the laſt ſmall Table, and take the Number correfponding 
tfereto, which added to the above, will give the true Hourly 
Variation of the Moon's Co-latitude, and conſequently, of the 
Latitude itſelf. 

3887. But in this ſmall Table, and that preceding it, the 
Numbers are affected with the different Signs — and +, be- 
cauſe they are ſometimes Negative, and ſometimes Pefitive 3 
and accordingly are to be ſubtracted or added as the Sign di- 
rects. The Reaſon thereof is, that in the firſt Quarter of the 
Moon's Orbit the Co-latitudes of the Moon are decreaſing, 
and their Differences alſo decreaſe, and in this Caſe they are 
to be looked upon as Negative Quantities, And for contrary 
Reaſons they will be Affirmative in the Second Quadrant of the 
Orbit. In the third and fourth they are again Negative and 
Affirmattve., 

3888. Theſe Particulars well underſtood, and attended to, 
will render Mr. CLAIRAUT's new Tables very eaſy in Prac- 
tice, as will appear by the Example in the next Chapter. It 
remains only to obſerve, that among theſe Tables ſome of 
the moſt common Tables of the Moon do not appear; but 
they are virtually contained in theſe, and whenever they are 

required 
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required their Uſes are eaſily ſupplied by, and deduced from 
-theſe. Thus for Example, if it be required to find the 
Moon's ApoGEs for any given Time, it is immediately had 
by the given Places of the Sun and Moon, and the Equation 
B for that given Moment, by the Theorem in (3858) viz. 
2t—y=B=(q( +P—2 O, from thence we have P 
20 +B — (= the Long. of the Apogee required. And at 
the Time of a Solar Eclipſe, when © = d, then P = © +B. 
But in theſe Tables the Mean Long. of the Moon muſt be 
increaſed by the 11 Degrees taken from it, as per (3874): 

3889. By having the true Place, Latitude, and Longitude 
of the Moon for a given Time, you have true Quantity of 
the INCLINATION of her ORBIT to the Ecliptic for the 
Time, by the Solution only of a right-angled Spherical Tri- 
angle as taught (1792). 

3890. The Horizontal Parallax being known for any Time, 
the Diſtance of the Moon from the Earth is thereby alſo 
known in Semi-diameters of the Earth ; and becauſe the true 
Anomaly and Equation of the Center is known, therefote the 
ECCENTRICITY of the Lunar ORBIT is known alſo, for 
that Inſtant of Time, by the Solution of an oblique Triangle 


ſimilar to that of Inſtitut. (3800). 


am. 


RAP, VEL 


The AuTrHoR's METHoD of CALCULATION by 
his NEw TABLES, illuſtrated by EXAMPLE. 


culation from his New Tables, which is for 
finding the Moon's Place, Latitude, Ic. near the Time of the 
laſt great Eclipſe of the Sun, viz. Anno Dem. 1764, March 
31D 22H 40' 45”, or, in the vulgar Reckoning, April 1 D 
19H 400 45", becauſe the Civil Day begins at 12 o'Clock 


3891. WV ſhall now give the Author's Example of Cal- 


E 
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k 
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at Night, and the Aftronemical Day at 12 at Noon (3781) or 
12 Hours before the other. 


3892. The Mean Places of the Supplement of the Node 


and of the Moon, are collected as in the Table below ; 


An. Dom, P 


3893. Having thus obtained the M 


March 
Day 
Hour 
Minutes 
Seconds 


| - Supp. of & IM. Place of Y 

| s- -V / * 8 . 4 I 

- 1764 | 1120 19 37 | $ 1 22 34 
ws 0 3 7 28 I 27 24 26 
31 | 1 38 30] 1 18 28 6 

- - 22| 2 33 142 4448 
- =- 40 5 21 58 
v...-. "05 © 25 
| 11 25 08 35 | 11 29 42 11 


ean Places of the Moon 


and her Node, the true Place of the Moon is found by the 
following 20 Arguments and their Corrections: 


. 8 
6 4 Mg 0 + „ 
1764 7 21 39 57] 2 11 51 46ji1 1 45 51% 1 43162 14 
March | 1 20 50 3[1o 7 40 27/11 29 15 15/1 28 gf4 2 33 
3111 15 o 53/11 20 48 42 0 17 54 47/1 o 3312 4 24 
22 h o 11 58 34] © 10 22 24/0 11 10 3000 o 540 1 54 
40 21 4 18 52 20 1 2 3 
45” 24 21 231 © o 
1 51 37 O 21 2 32 oO © 27 5g 1 2100 11 8 

1 te e f g 
1764 | 721.96 694-75 338.24 | 486.55 | 138.66 | 148.31 | 042.64 
March | 143.28 | 693.12 [834-33 |137.06| 979.68 | 302.74 | 850.51 
31D] 075.30 | 889.60|014.60 224.560 040. 20 209.90 | 074.00 
22h 2.20| 26.30| 59.60 | 95.30] 30.80] 35.80 90. 90 
4d' | 0.10] 0.80] 1.80] 2.90] 0.90] 1.10 2.80 
942.84 304.57 248.57 [946.41 [190.24 | 697.85 060.85 
Smog ron enemy O_o SI 


= — —— — ͥ —ʒů—ĩũk — 


| 


3394. 


DZ 9 1 2 0 — 0 17 45 

E = 011 8 0—o0 o 49 

Sum 11 44 14 
Cor, Cor. 
53 Arg. „ 
a= 943 6 19 h = 090 — 3 47 
b=305—7 5 i=945 — 0 17 
C = 249 — © 20 k = $130 55 
d=94b—5 7 1 756 — 0 7 


—.— 


195.08 


| i 


565.0 
139.1 
175.0 
64.0 
2. 0 


— — 


945-1 


— Fä—ü—ä — 
* 


k 


959.0 
32.0 
1. 


812.6 


—ů—ůů 


347-9 
I57-4 
184.0 
68.0 
2.0 


756.3 


— —— 
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| m 
981.3] 948.7 | 782.2 087.4 
f 120.9 427.8 
149.0] 235.0 165.0 276.0 

ps 64.0| 38.0 
3.0 of 2.0] 1.0 


193.3 e 134.1830. 2 


— —— — [ — — — — 


We have now the Value of the Arguments great and 


== © 


„„ 
A2 551 3/—-9 2 5 
21 2 32 — 1 32 58 
C= o 027 5 —0 50 37 


Ee = 1090 — 5 14 
f= 698 — 4 43 
g = 0b1 — 2 35 


Sum 31 23 


TEES 


fmall for the given Time; theſe are next to be found in their 
proper Tables, and the Corrections pertaining to each taken 
out and added together as below: 


Corrections. 


8 


m 193 — © 49 
n= 639 —0 11 
o = 134 — © 12 
p 830 — 0 4 

Sum 6 22 


— — ww u = 


U 
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0 

11 44 14 

#8 

Sum of all the Corrections JS _ od Read 
12 21 59 


—B — 


ä 2 > +. 
3895. Then to the Moon's Mean Place 11 29 42 11 
Add the Total Correction 12 21 59 


And Gs r the Moon's true Place in) o 12 04 10 
her Orbit, v:z. - 3 

3896. The Mean Place of the Supplement of the Nopt 

is next to be corrected by means of the two Tables A and D 
(Tab. 27 and 28). 

4 a 8 120 

Mean Place - - — - II 25 8 35 

The Arg. A=11 9 51 37 — 2 18 

DaX'9 1-2 0— 29 23 


— 


True Place of the Node's Supplement, N = 11 25 38 16 | 
To which add the Moon's true Place © 12 4 10 


— = Aa 


The Sum is the Argument of Latitude, L = O 7 42 26 


—_ 


3897. Having the Argument of Latitude L, and alſo the 
Supplement of the Node N, we find, by the firſt, the Moon's 
Place reduced to the Ecliptic; and by the latter, her Longi- 
tude from the Eqüinoctial Point (3865) c. thus: 


You. III. G To 


- 
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To the Moon's Place in her Orbit 


Add the Reduction for L = 75* 42 2.0'' — 


1 


2 * 


is 


O 12 4 10 


79 


— 


2 — 


The Sum is her Mean Place in the Ecliptic o 12 11 19 
Add the Correction for N = 11 25 38 16 — 59 


— D ee CO a CEE 


The Sum is the Moon' s true Long, in x; © 12 12 18 
7 4 O's - 

3898. The LaTiTuDE of the Moon remains to 
be inquired after, and corrected. In theſe Tables the Co- 
latitude is calculated for every Value of the Argument of 
Latitude L, and then corrected by the Equations mentioned 
in (3868, &c.) Thus in the preſent Caſe, 


„ = 


We have - - - L=0 7 42 26 — 89 8 18 


(And by (3893) - - E S 11 8 o) 
L—E=11 26 34 I |, 
Therefore add A-—L=is 2 9 11 51 


the Corrections cor- 


r i. 


SS - FSoriocr 5: 5. 1. 36 
The Sum is the Moon's Co-latitude - 89 20 4 
Therefore the true Latitude s: += © 39 56 


3899. To find next the Horizontal PARALLAX of the 
Moon for the given Time, we have in the Tables 36, 37, 38, 39 
the Quantities anſwering to the Arguments A, B, C,d; as 
alſo the ſmall Corrections from the five Supplemental "If 
which here follow : 


Fo 
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7 Wa 53 7 is 
B pF > 2,2 
Grit 56,2 
Q 4 ” ©,2 

Sum = - - 54 10,6 

Subdact the DME. 0,6 

Remains the true 

Horiz. Parallax — g 54100 


| Supp. b = 1,4 
Cc - 2 

e - 244 

Poſitive + 5,8 

Neg. 427 

* a — 137 

Diff. — 0,6 


3900. Having the Horizontal Parallax, the Moon's Heurly 
MoT1on anſweting to it is found in the Tables appropriated 


thereto, as below: 


| 1 3 | Small Correc. 
Horiz, Paral.. 54 © ' = © - 29 12,7 N 
10 — — 11D w_— 
cn — — | a _ I,2 
. $4 10 ' 29--23o 23) Bc: 7k 
A - - = o, 6 | c — 
Add the re- FS 8 553 4 129 
tions Wi 0 2 18 8 4 0,1 
h — = 1,3 
” | 29 47,6 * 
Subduct - - — 15 1 | + 6,3 
OY” ; 5H =. 
Remains the Ho. Motion 29 46,5 | 
— 151 
3901. F rom this Hor. Motion in the Orbit 29 ab, 5 
Subduct the Hor. Variation 650 the Reduction 3 
to the Ecliptic - - — 8 ue 
The Difference is 17 Moon's Hourly Motion” 29 38,8 
in Longitude — — - 


3902. The Hourly Variation of the Argüweßt of Lat. L, 
dur Author makes 8“ more than that of the Moon in her 
Orbit; which therefore, in the preſent Caſe is 20 55“. Then 
(in Table 31) you find againſt the preſent Argument of Lat. 
(L=7* 42') the Diff. 5' 20” in the Diſtance of the Moon 

(G3 2 from 


— CCIITY . . 
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from the Pole of the Ecliptic anſwering to One Degree of the 
faid Argument of Latitude, Therefore ſay, As 1 Deg, or bo' 
is to 5 20 fo is 297 55” to 2“ 39% 6 = Mean Hourly Varia- 
tion of the Co-Lat. of the Moon, which in the Calculation muſt 
be conſidered as a Negative Quantity, becauſe upon the Decreaſe 
(3886). 

3903. Not only the Co-latitude itſelf, but alſo its greateſt 
Equation (in Table 32) correſponding to the Arg. L — E, is 
ſubject to a ſenſible Variation, and therefore the laſt ſmall 
Table is conſtructed for correcting this IN There- 
fore 


1 


To the Hourly Variation of Co-Lat. — 2 39,6 
Add the Equat. anſwering to L- E — 4,2 


The Sum is the true Hourly Variation of —— 43.8 


4tzor's Co-Lat. decreaſing = $4 
- 3904. In the laſt Place, as theſe Tables give the Mean 


Time at PARIS, we ſhall have the Mean Time at Lonpon, 


by deducting 9 46” from the Time at Paris (3787) viz. 


H 4 44 


Mean Time at PARIS, March 31 22 40 45 

| 9 46 

| The Mean Time at Lon DON, March 31 - 22 30 59 
Subtract the Equation of Time * — - 3 50 
The Apparent Time at Lox po, March 3: 22 27 9 
Or, in the common Reckoning, April - 10 27 9 


— 


The Equation of Time has hook largely explain d, and Tables thereof 
given, in the Second Volume of tus . from Inſtitution 3641 to 3596, 
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„A 

The Uſe of the Solar TAaBLes in finding the 
TRUE PLACE of the Sun, and the Requiſites 
of a Solar and Lunar ECL1PsE, exemplified. 


2905. UR celebrated Author has given us the Calcula- 
tion of the Moon's Place, near the Time of the 
Ecliptic Conjunction, in the laſt memorable SOLAR ECLITSE; 
but as he has ſaid nothing of the Sun's Place at the ſame 
time, nor of the Eclipſe itſelf, I ſhall here ſupply that Part, 
leſt any one ſhould think theſe Tables deficient in any Parti- 
cular relative to a Solar or Lunar ECL1PS$E, or in the greateſt 
Preciſion of exhibiting the Phænomena of either. 
3906. The Place of the Sun for the ſame Moment of 
Time is obtained from Ma yt x's Solar Tables, as below : 
M. Long. of © Long. of Ap. 


RY 7” s + 18: ad 
1764 = 9 10 36 42—3 8 51 37 
March 31 - 2 28 42 30— 16 


22H - = = 54 13 — 
3 n 
T 


© Mean Place -  Q 0 166 
3907. Then from the Sun's Mean Place o 10 15 6 
Take the Mean Place of the Apogee - 3 8 53 593 


— 


Remains the Sun's Mean Anomaly - 9 1 24 Ih 


2908, Then to the Sun's Mean Place - o 10 15 6 
Add the Equation correſponding to that Anomaly 1 55 23 


The Sun's true Place — - = ' 0 12 1928 


399. 
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#. 80 
- 3909. From the Moon's Longitude in the 
Ecliptic - - |. %% 1.36.73 2 
Take the Place of the Sun — = © 12 10 29 
The Difference is 1 - - 24 49 


Whence it appears, that as the Moon is before the Sun in the 
Ecliptic, ſhe is paſt the Conjunction at the given Time. 
2910. But by having the Place of the Sun and Moon, at ths 


given Inſtant, and their Hourly Motions, or reſpective Velocities, 


it will be eaſy to find the true Time of their Ecliptic Conjunc- 
tion, and the true Longitude in which it happened, by Rules or 
Analogies deduced from the Theorem in (243). To make this 
Matter clear, let T M be a Part of the Fcliptic in which 
the Conjunctiou happens (hg. 5.), QE a Part of the Moon's 
Orbit properly inclined to the Ecliptic; and let 8 be the 
Place of the Sun, and M that of the Moon reduced to the 
Ecliptic, at the Time above ſpecified ; and laſtly, let N be 
the Place of the ConjguxcTron, or that in which the 
Mood was NEW]; whoſe Longitude is now to be found. 

3011. We have ſeen (3900) that for the given Time the 
Mom's hourly Motion in Longitude was 29' 39” 1779“; and 
the Sun's hourly Motion for his preſent Anomaly (3907) is 2 
28'' = 148”; The Difference of theſe Motions is 1631“; 
alſo the pu of the Places of the Luminaries in the Ecliptic 
is 1' 49” = 109” = 8M. Then by the fore- mentioned 
Theorem we have this Analogy, As 1631“ is to 1779” ſo is 
109“ to r 59 rn N, which being deducted from 
the Moon's Long. 12? 18“ gm the Longitude of the 
Point of ConjunRion N = = 129 10' 19” as required, 

3912. Then by the following Analogy we have the Time 
F the Conj uni ion, viz. As 1779“ is to 3600“ (= 1 Hour) ſo is 
119” to 240“ or 43 therefore ſubducting this from the 


Apparent 


, 
> 
1 
5 
E 
> 
c 


n 


ASTRONOMICAL CALCULATIONS. 47 


| H L i 
Apparent Time at Lox pox, Apr. 11 = 10 27 9 
| | 3 


— —_—_—_—— 


_— 


We have the Apparent Time at Loxpon YJ 10:69 . 
the true Ecliptic Conjunctien, April 1 - 

3913. Our Author has given no Table of the Moon's Dia- 
meter, as he knew it was not neceſſary ; becauſe ſince her 
Diameter bears a conſtant Proportion to her Horizontal Pa- 
rallax, when the Parallax is known her Diameter is known 
of courſe, To ſee the Reaſon of this, let A M be the Semi- 
diameter of the Moon, and C B that of the EarTa (Fig. 
6.) and draw the Lines AB and CM; then is the Angle 


CAB as 3, and the Angle ACM is as A Ci (1270) 


therefore the Moon's Horizontal Parallax CAB is to the 
Moon's Apparent Semi-diameter or Angle A C M, in the con- 
ſtant Ratio of BC to AM, or of the Diameter of the Earth to 
that of the Moon. 

3914. Now by the beſt Obſervations hitherto made, it ap- 

pears that the Diameter of the Earth is to that of the Moon as 
552 to 15, nearly, Therefore if the Moon's Horizontal Pa- 
rallax be given at any Time, as in the preſent Caſe we have 
found it to be 54 10“ (3899) we ſhall find her Apparent Dia- 
meter by ſaying, As 55 f is to 15 fo is 54 10“ to 14' 38 =tho 
Moon's Semi- diameter at the Time of that Eclipſe. 
3915. In order to have the true Data for conſtructing the 
Eclipſe of the Earth or Moon, it is neceſſary to find the Iucli- 
nation of the Apparent Path of the Moon to the Ecliptic at the 
Moment of the Eclipſe, for this is a little different from the 
Inclination of her real Orbit. To illuſtrate this, let & (Fig. 5.) 
be the Place of the Node; N E the Orbit of the Moon; it 
will be neceſſary to know the Inclination thereof, or Angle 
E N M, at the Time of the Eclipſe. 

3916. In order to this, we muſt recollect that the Moon's 
Mean Place was diminiſhed 11 Degrees to be diſiributed 

aniong 
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- among the 22 Equations (as ſhewn 3875) but it there ap- 


pears that the Equations belonging to L and N have 1& to 
their Share; conſequently the 20 Equations of the Moon's 
Place repay only 109 50“ of the 11“ borrowed ;- and therefore 


. the Moon's Place in her Orbit, as expreſſed (3895) is deficient 


by 10', her Place being really 129 14' 10”. 

3917. Again, the Epoch of the Mean Place of the Supple. 
ment of the Node is made 100 too little, that a Compenſation 
may be made for 20“ given to the two Equations of the Node 
A and D {386.;) and to have an Exceſs of 10“ in the cor- 
rect oupplement of the Node; for by this Contrivance, the 
Supplement with 10' too much, being added to the Moon's 
Place which is 10“ deficient, will give the true Quantity of the 
Argum. of Lat. L. 

3918. Therefore the true Supplement of the Node being 
11s 259 28“ 16”, the true Place of the Node itſelf will be 
4 3i' 44” of Aries; which ſubducted from Y M the Long, 
of the Moon 12 12' 18”, will leave 70 40' 34” =  M. 
Therefore in the Triangle E & M all the Sides are known, 
whence the Angle at & will be found = 4 58”. 

3919. To find the Latitude NC at the Conjunction, ſay, 
As N M= 4606 is to qN=458',6, fo is the Lat. ME 
= 2395“ to the Lat. N C 2386“ = 30 46”. 

3920. It is next to be obſerved, that the Apparent Path of 
the Moon is not that of her Orbit N C, but ſome other Line 
D C, making a larger Angle C DN with the Ecliptic (Fig. 7.) 
For let N be the Center of the Earth or Place of the Sun op- 
polite to it, and C that of the Moon at the Moment of Con- 
junction; and let NG and CA repreſent the reſpective Velo- 
cities, or Horary Motions of the Sun and Moon; join A G, 
and through A draw the Line A B parallel to & M, in which 
take Aar GN, and draw a N, which will be equaF and pa- 
rallel to A G. 

3921. Then when the Eye (or the Sun) was at G, the 
Moon was ſeen in A, and when the Sun or the Eye is at N- 


on 
a4 


— 
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as the Moon at A was ſeen from Q, viz. under the ſarfie 
Angle NA AG , in the fame Direction a N parallel 
to A G, and at the ſame Diſtance Na = G A. Therefore to 
an Eye conſidered at Reſt at N, the Moon will appear to have 
deſcribed the Path Ca inſtead of C A; and her Apparent 
Place will be at (a); through à draw the Line CD to inter- 
ſect the Ecliptic in D, and that right Line CD will therefore 
be the viſille May or Path of the "Moon at the Time of the 
Eclipſe. 

3922. To find the Angle CDN, which the Lunar Path 
CD makes with the Ecliptic, is the next Thing neceſſary; 
To this End it muſt be conſiderèd, that .becauſe A a= GN, 
therefore a C may be eſteemed equal to the Difference of the 
Hourly Motions of the two Luminaries, that is, GA GN 

=aC= 1631, while CA = 1779. But CA:Ca::Cg 
CD:: Angle C DN to the Angle C N. That is, As 
1631: 1779: : Sine CN 40 58' to the Sine of CDN 
= 58 2 of 

3023. From the Point N make NF perpendicular to the 
viſible Path C D, then will the Angle C NF = Angle CDN; 
and it is plain the Point F will be neareſt the Point N of all 
in the Line C D, and conſequently that to an Eye placed in 
the Center of the Earth the Line NF will be the near Di/- 
tance of the Centers of the Sun and Moon; and therefore 
F is the Place of the Moon in the Middle Mement of the 
Eclipſe. 

3924. From what has been ſaid it will eaſily appear to the 
attentive young Student, that what we uſually call an Eclipje 
of the Sun, is more properly an Occultation of the Sun by the 
Diſk of the Moon; and the Phaſes of a Solar Eclipſe are only the 
Quantities of ſuch an Occultation to the different Inhabitants 
of the Earth, who, according to their various Latitudes and 
Lunar Parallaxes, may ſee the Eclipſe or Occultation total, 


partial, or none at all. 


H 3985: 
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3925. What, in this Caſe, may be truly called an Eclipſe, 
is the Paſſage of the Moon f Shadow and Penumbra over the 
enlightened Diſt of the Earth, as beheld from the Moon, in the 


ſame Manner as we ſee a real ECLIPSE OF THE Moo, 


in her Paſſage through the Shadow of the Earth. But as this 
Affair will require a further Explanation, we ſhall give it in the 
following Chapter, 


K 


GRAPE 


The Fundamental PRINCIPLEs, or Tyrory, of 
Solar and Lunar ECLIPSES inveſtigated and 
explained. | 


3626. HOUGH we have, in a former Part of this 
T Work, given the general Idea of Eclipſes, Solar 
and Lunar, from the Principles of PERSPECTIVE; yet as ſome 
Particulars in regard to Calculation will require to be more 
minutely conſidered, they ſhall here be propoſed and explained 
from a Repreſentation different from, but juſt as natural as the 
other, viz, from that which is commonly called Hipp a R- 
cHus's Diagram (Fig. 8.) and uſed by all Aſtronomers. 
3927. In this Figure S is the Center of the Sun ABCD; 
E the Center of the Earth in its Orbit, M the Center of the 
Moon in Conjundtlion, and N the Moon in Oppoſition, Then 
becauſe the Moon is an opake Body, it will intercept the Sun 


Beams, and produce the Shadow QO G in Form of a 


Cone. 
3928. It is known that the Moon's Diſtance from the 


Earth is variable, and ſuch, that the Shadow will ſometimes 
be juſt equal to that Diſtance, then the Shadow's Vertex will 
juſt touch the Surface of the Earth, as at O, in this Figure, 
and in this Caſe the Diameter of the Moon Q G will appear 


fo 


= Yay mA Wy 
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to an Eye at O juſt equal to the Diameter AC of the Sun; 


as they are both ſeen under the ſame Angle AO C. This will 


produce a total Occultation or ECL1PSE of the SUN ; but the 
whole Diſk of the Sun diſappears but for a Moment only, 
becauſe the Inſtant the Shadow comes upon the Eye, it goes 
off again. 

2929. It is evident, that if the Diſtance of the Moon from 
the Earth becomes leſs, the Earth will be involved in the 
dark Shadow QO G, and the more ſo as the Moon's Diſtance 
from the Sun is greater, and the Shadow becomes longer. 
Therefore when the Earth is in its Aphelion and the Moon in 
Perigee, the Earth's Surface will receive the Moon's Shadow 
in the largeſt Quantity it ever ean ; and this Caſe may be re- 
preſeated by Fig. 9. where S C is the Semi-diameter of the 
Sun, and MG that of the Moon, as before; and MO G the 
Semi- angle of the Moon's Shadow, which now falls upon the 
Surface of the Earth B HA in the Quantity BF. 

3930. To find the Arch BF, draw MF, EF; then it is 
plain that the Angle MF G is equal to the Sum of the An- 
gles M OF and FM O (632) therefore OMF=MFG 
— MOF = Diff. between the Semi- diameters of the Mon 
and the Sun. Then in the Triangle EMK, we have EF to 
MF (or MB) as the Angle E MF toBEF; but EF and 
MF are given by the Theory; therefore the Angle BE F 
or Arch B F is known of courſe ; and conſequently how much 
of the Earth's Surface can be involved in the Moon's dark 
Shadow. | 

3031. The Sun will now be not only totally eclipſed, but it 
will continue ſo for ſome time, viz. while the Eye of the 
Spectator paſſes through the Section of the Shadow, or through 
twice the Arch BF ; which Time is readily known from the 
given Difference of the Diameters of the Moon and Sun, and 
of their Horary Motions reſpectively. 

2932. On the other Hand, when the Lunar Shadow is 
Morteſt of all, and the Moon is the moſt diſtant from the 

H 2 Earth 
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Earth ſhe can be, that is, when the Earth is in Perihelio, and 
the Moon New in Apogeo, with the greateſt Eccentricity, then 
the Shadow will not reach the Earth; and becauſe in this Caſe 
(which is exactly the reverſe of the foregoing one) the Moon's 
Diameter will” appear under a leſs Angle than that of the 
Sun, therefore it cannot wholly eclipſe the Sun, -but the Sun's 
Diſk will appear towards the Circumference like a luminous 
Ring, which gives to this Sort of Occultations the Name of 
Annular Eclipſes. But as the Moan's appatent Diameter is 
feldom lefs than that of the Sun, an annular Eclipſe but 
rarely happens, That to which our Calculations are here 
adapted (on Apr. 1, 1764) is the moſt memorable one ig 
the Annals of Aſtronomy. 

3933. In a Solar Eclipſe, not the Dark Shadow QO G, 
but a Partial or Penumbral Shadow is to be conſidered as the 
moſt general Cauſe of the Solar Deliguium; for the dark or ab- 
ſolute Shadow produces only the total Obſcuration ; but all 
other Phaſes, or Quantities of- the Eclipſe, are to be aſcribed 
to a partial Shadow, or ſuch as cauſes not a Privation but only 
a Diminution of the Sun's Light to the Spectator. 

3934. This is evidently the Caſe of an Annular Eclipſe, 
where there can be no abſolute Shadow ; but to ſkew the Nature 
of this Penumbral Shadow more directly, let there be drawn 
two right Lines AGF and CK touching the Sun and 
Moon on contrary Sides, and interſecting each other in V 
(Fig. 8.) then there will be formed a Cone K VF ſtanding 
on the Surface of the Earth from K to F, Then it is evident, 
that the Eye at K will perceive the Limb of the Moon touch- 
ing that of the Sun; and the Eclipſe is then and there begin- 
ning. 

3935. As the Spectator's Eye, by the Motion of the Earth, is 
carried forwards towards the Solar Meridian E O, it will view 
the opake Body of the Moon advancing more and more upon 
the Sun's Diſk, and thereby diminiſhing its Light by Degrges; 
tilt at length being arrived to the dark Shadow Q O G, it wil 


there 
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there obſerve the Sun toially obſcured by the dark Moon, and 
that will be the Middle of the Eclipſe. All the ſame Phaſes 
will appear on the ather Side, till the Eclipſe ends at F. 

In order to calculate the Extent or Magnitude of this Pen- 
umbra upon the Surface of the Earth, you proceed thus; draw 
the Line 8 Q and in the oblique Triangle QS the external 
Angle QVM=VQS+QSV, but the Angle QSV or 
QM (= Moon's Apparent Semi- diameter at the Sun) is in- 
ſenſibly ſmall; whence the Angle QV M= V QS or SQC 
the Apparent Semi-diameter of the Sun. Alſo in the oblique 
Triangle O Qs, the external Angle A QS=Q OS+OSQ, 
which latter OSQ is inſenſible; therefore ASQ=QOS 
or AOS; hence it follows that the Angle QV M =QOM, 
and conſequently that the Cone Q V G= Cone QOG of 
the dark Shadow. 

3937. Again, Letab be a Section of the Penumbra by the 
Surface of the Earth, and draw Mb; then is OM or c MS 
the Semi- angle of the Penumbra on the Earth as viewed fram 
the Moon M. But this Angle cM & is the external Angle of 
the oblique Triangle VMI; therefore cMb = MbV + 
MVV; that is, the Semi-diameter of the Penumbra is equal to 
the Sum of the Semi-diameters of the Moon and the Sun. 

2938. Laſtly, draw EF; then in the Triangle EMF we 
have EF to MF (or MO), as the Angle EM F to the An- 
ge MEF or OEF which gives the Arch OF for the ab/o- 
lute Meaſure or Extent ef the Semi- diameter of the Penumbra. on 
the Surface of the Earth. 

3939. With regard to Lunar Eclipjes, we have need only to 
compute the Semi-angle E P H of the Earth's Shadow, and 
its Dimenfions N D in that Part where the Moon paſles 
through it in the Eclipſe. In the oblique Triangle PHS 
(Fig. 9.) the external Angle SHC=HPS+HSP; but 
HSP or HSE is the Sun's Parallax, and fo not ſenſible ; 
therefore the Angle EPH SH EC = Sun's Sem-diametsr. 

Hence 
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Hence it appears that the Terreſtrial and Lunar Shadews ar, 
- fimilar Cones, ſince the vertical Angles are equal. 

3940. Then, in the oblique Triangle PN H, the external 
AngleENH=NPH+NHP, and therefore N H P or 
NHD=ENH—NPH; that is; the Apparent Semi-dia- 
meter of the Earth's Shadow, at the Diſtance of the Moon, is 
equal to the Difference between the Meon's Horizontal Parallax 
and the Apparent Semi- diameter of the Sun, 
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| An APPLICATION of the foregoing PRINC1PLEs 
110% in the DELINEATION and ConsTRUCTION of 
| 11651 LUNAR and SOLAR ECLIPSES. 
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1 | 3941. O delineate an EcLI PSE of the Mood will 
e 2 require but little Time and Trouble when from 
| | I the Tables you have obtained her Place, and all the other 
1118 Pre-requiſites ; for then you draw a Line AB to repreſent the 

| Ecliptic, and another D C for the Moon's Viſible Path (3921 

1: | inclined to the Ecliptic in its proper Angle (3922) and inter- 

| ql ſecting it in the Point N. See Fig. 10. 

3942. Then from the known Diameter of the Sun and Moon's 
Horizontal Parallax, you find the Semi-diameter of the Earth's 
| dark Shadow (3940). With this you deſcribe ſeveral Circles 
Wi! in and near the Node N, as at N, 1, H, &c. and having 
deeply ſhaded them, they will very truly repreſent the Sec- 
tion of the Earth's real Shadow, at the Diſtance of the Full 
Moon, on the oppoſite Side of her Orbit. 

2943- Now let M be the Full Moon, and it is evident 
there is a certain Point as H where the Latitude of the Moon \ 
H M is juſt equal to the Sam of the Semi-diameters of tac : 

| Moon ; 


— 1— «4 —ũ— — 8 


„21 1 © · — 


ASTRONOMICAL CALCULATIONS. 55 


An and Shadow, that is, where the Limb of the Moon will 
juſt touch the ſhadowy Cone in E, but not enter it ; and this 
Diſtance H N from the Node is called the Ecliptie Limit, becauſe 
beyond the ſaid Point H from N there can be no Eclipſe. 

2944. If the Moon be within this Limit any-where as at L, 
then the Earth's Shadow, paſſing by, will involve her illumined 
Diſk more or leſs, and ſo produce an EcLiPsE. You find 
the neareſt Diſtance of the Centers I L at the Time of the 
OyPosITION, and then on the Centers I and L deſcribe 
Circles with the known Semi-diameters of the Shadow and 
Moon, and you will have the Phaſe or Quantity of the Eclipſe 
very lively delineated, 

3945. In this Caſe of the Moon immerſed in the Shadow, 
let PQ be her Diameter, and PO the Part thereof in the 
Shadow. Then put A = Semi-diameter of the Shadow, 
B = the Semi-diameter of the Moon; N = the neareſt Diſ- 
tance of the Centers IL; and D=OP, the Part of the 
Diameter eclipſed ; then 'tis plain from the Figure that N — B 
=A— D, and conſequently the Part eclipſed will always be 
D=A+ B—N. Hence when D So, then N= A + B, 


as at the Limit H. When D=B, then N= A; and when 


D=2B, then N=A —B, or the Moon is wholly im- 
merſed in the Shadow. | 

3946. It is further evident, that the Moon at G or F 
ſhews the Beginning and End of the Eclipſe ; and in the right- 
angled Triangle I L G the Side I L and 1 G being known by 
the Theory, you have the Side GL; the Time of paſſing, 
which is given from the Hourly Motion of the Moon in the 
Tables; and conſequently, the Time of the Beginning, Middle, 
and End of an Eci Ps E of the Moon, together with the 
Quantity thereof, are all known with little or no Labour. 

3947. When the Oppoſition happens in the Node itſelf, as at 
N, the Moon is then centrally eclipſed, and ſhe deſcribes a 
hole Diameter of the Earth's Shadow in paſſing through it; 
conſequently the Duration of ſuch an Zciigfe is the greateſt of 
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all others. The Shadow of the Earth is far from being ab- 
folutely dark, for by the Atmoſphere about it there is a great 
deal of Light refracted into the ſhadowy Cone, and particu- 
larly about that Part where the Moon paſſes through it, which 
is the Reaſon why ſhe is ſeen ſo plainly in the Midſt of the 
Shadow. 

2948. The TrEzeRy or Rationale of a Terręſtrial ECL1PgE 
is much the ſame ; for the Lunarians (if any) fee the Shadow 
of their Globe paſs over the Surface or Diſk of our Earth juſt 
in the ſame Manner as we view them eclipſed in our Shadow; 
with this Difference, that we ſee their Globe much leſs than 
the Terreſtrial Shadow, and they ſee our illumined Diſk much 
larger than even their Penumbral Shadow, and therefore a 
Terreſtrial EcLIPsSE can only be Partial, even when it is 
Central. 

3949. The Dignity of this Subject demands an ample II- 
luſtration ; therefore a large Copper Plate is beſtowed wholly 
upon it (See Plate II.) In this the exlightened Diſk of the 
EARTH (as ſeen from the Moon) is repreſented with all its 
Hour-Circles orthographically projected, the e e Meridian 
paſſing through the Center C, in Form of a right Line, in 
which the North Pole of the World is denoted by P, juſt 
within the Diſk, at the Time of the Eclipſe under Conſider- a 
ation. | | \ 

3950. In this Projection, EC is the Ecliptit, CI is the F 
Solar Meridian, in which CH is the Latitude of the Moon, and 
AD the Path of the Lunar Sbadeto over the Earth, making 
the required Angle with the Ecliptic, which is equal to the 
Angle HC B (3923) and therefore CB is the neare/t Diftance 
of the Centers of the Earth and Shadow. If from the Horiz. 
Parallax of the Moon 54 10% we deduct the Sun's Parallax 
10”, we ſhall haye the Semi-diametcr of the Diſk C F=C0 


= 54'. | 
3951. The Sum of the Semi-diameters of the Sun and 


Moon is = 16' 2“ ＋ 14 38” = 30 40“, which add to the 
| Semi- 
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Semi-diameter of the Diſk 54, the Sum is 84 4o# ; with this 
Diſtance taken in the Compaſſes from the Scale of MINUTES 
(at the Bottom of the Plate) if you place one Foot in C, the 
other will reach to A and D in the Line of the Shadow's 
Center, and there making Marks, draw AC and DC, Then 
taking 30' 40“ from the ſame Scale, and upon the Points A, 
B, D, as Centers deſcribe Circles; theſe will repreſent the 
Penumbral Si A Dow of the Moon in its preper Poſition, at 
the Beginning, Middle, and End of the Terreſtrial Ec LIS E, 
as is evident from the Theory (3937, Cc.) 

3952. If a Line MN be drawn acroſs the Diſk to touch 
theſe Penumbral Circles, it will cut off that Segment 
WIY T W which was involved in the Penumbra, or in 
which the Inhabitants of the Earth could perceive any Occul- 
tation f the Sun. In the Poſition of the Penumbra at B, it 
is in its greateſt Quantity upon the Diſk, being near + of its 
Diameter, the reſt falls off the Earth northwards into the dark 
Inane. 

3953. The Angle BCH = 5e 25“, as was ſhewn (3922) 
and the Side CH = 39“ 46” = 39% 5; then in the right- 
angled Triangle HB C, you find the Side B H== 3,75, and 
the Side CB= 39/6. Then in the right-angled Triangle 
ABC, there are known the two Sides BC and AC (3951). 
Whence you find the Angle C A B = 27 53'=CDB ; and 
the Angle BCA = 62% 077 BCD. And thus the Angles 
of Incidence and Emerſian of the Penumbra on the Earth's 
Diſk are known. 

3954. In the ſame Manner the ſame Angles are found for 


the Center of the dark Shadow at G and F, for in the Tri- 


angle C BG, the Sides C Band CG are known, therefore 
you find the Angle C GB = 4% 1 = CFB. And the 
Angle BCG = 42* 5o' BCF. Alſo in the Triangle 
ABC, we find the Side AB=75'=BF; and in the Tri- 
angle BCG we find the Side G B = 36' =B F, 

Vol. III. 1 3955. 
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3955. To find the Middle Moment of the Eclipſe, viz, 


when the Center of the Shadow is at B, ſay, As the Hor. Mo- 


tion of the Moon from the Sun 27,18 is to 60“, ſo is 3',75 
to 8 16“, which is the Time of the Shadow's paſſing over 
B H; then from the Time of the Conjunction 23' 9“ ſubtract 
8* 10', and there will remain 10* 14' 53” for the Middle 
Moment of the Terrreſirial ECL1psE. 

2956. Then for the Beginning and End, ſay, As 27',18 is to 
6o', fois 75 =AB to 166' = 2 ® 46', which ſubducted from 
10 h 14” 53“ leaves 7 28' 53“ for the Time in the Morn- 
ing when the Eclipſe began ; or the Penumbra firſt touched the 
Earth at O. Alio to the Middle Moment add 2* 46', and the 
Sum 1h oo 53“ is the Time in the Afternoon when the 
Penumbra left the Diſk at K, or the Eclipſe ended. So that 
the hee Duration of the Eclipſe was 5 Hours and 32 Mi- 
nutes. | 
3957. Hence alſo the Time is found when the Center of 
the Penumbra touched the Diſk at G, and went off at F, by 
ſaying 27,18 ; 6o'; : 36,6 (= GB):81'=1* ; 21', which 
taken from 10k 14 53“, leaves 8* 53“ 53“, the Beginning 
of the Central Eclipſe ; and their Sum is 11®Þ 35 53”, the 
Time of the End thereof. So that the Center of the Penumbra 
was upon the Earth 2 42. 


Ci AP, XI 


The CONSTRUCTION of the PuAszEs of a Solar 
ECLIPSE, by PROJECTION, for any particular 
PLACE, 


and Terreftrial EcLIYSE, we now proceed to 


fhew how the Phenomena or Phaſes of an Occultation of the 
DUN 


n delivered the Principles of a Lunar 
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dux may be conſtructed, and truly repreſented for any parti- 
cular Place, as Lo N DON, for Example. It is ſuppoſed the 
young Aſtronomer underſtands the Orthographical PR 0 JE e- 
TION of the SPHERE, the Principles of which have been 
delivered in a former Part of this Work (1703, &c.) 

3959. Therefore having projected the Hour Circles on the 
Earth's Diſk, and the Parallel of London; let that Parallel be 
properly divided into Hours, Quarters, and Minutes; for 
which the Radius of the Diſk ought not to be leſs than 15 or 
18 Inches. | : 

3960. Then the PATH of the SHADOW muſt likewiſe be 
divided into Hours and Minutes, as is very eaſily done from 
the above Data. For fince the Center of the Shadow is at B 
at 10 14' 53 therefore ſay, As 60“ is to 27,18, ſo is 14 
53“ to 6,75 = Diſtance from B to X; the Point for the 
Hour of X being known, you take 27,18 from the Scale of 
Minutes in the Compaſles, and ſet it off from X each Way to 
XI, XII, I, on the right hand, and to IX, VIII, &c. on the 
left. Thus the Line AD is divided into Hours, and each 
Hour being ſubdivided into 60 equal Parts, will be the Mi- 
nutes required, 

3957. Then ſince the Eye of a Spectator at London is in 
the Parallel, and in that very Point which denotes the given 
Time, and the Sun's Center and Spectator's Eye are mutually the 
ſame Point on the Diſk ; therefore, if with the Semi-diameter 
of the Sun 16“ 2“, and one Foot of the Compaſles on a given 
Minute in the Parallel, you deſcribe a Circle that will repre- 
ſent the Sun's bright Diſk ; and then taking 14 38“ the 
Moon's apparent Semi-diameter, and with one Foot of the 
Compaſſes placed in the ſame Minute of the Shadow's Path, 
you deſcribe another Circle, this ſhall be the dark Diſk of the 
Moon; and thus it will appear how they are poſited and re- 
lated to each other at that given Minute, or Inſtant of 
Time, 


12 3958. 


_ — EI ww * 


—— ä— — — — 
—— —— —— — —— 9— 1 


—— — — —“ — — - 
1 


— 
Ar ͤfT———1k2 — — 
— — — — 
5 — — 
— 
—— — — 


60 INSTITUTIONS of 


3958. For if theſe Circles are at any Diſtance, the Eclipſe 
is either not begun, or it is over; if the Circles juſt touch 
each other, it ſhews the Beginning or End of the Occultation ; 
and if the Circle of the Lunar Diſk falls over any Part of the 
Solar Circle, it ſhews the Olſcuration or Eclipſe, the Phaſe, and 
the Quantity of it. 

3959. Having the Data for this Eclipſe from Mr. CL a1- 
RAUT'Ss Tables, it will be eaſy to ſhew how exact theſe Tables 
are, by comparing the obſerved Times of the Beginning, Middle, 
and End thereof at LoN DON, with thoſe given by Projection 


from the ſaid Data of the Fables. Thus from the Scale of 


Minutes take off 30“ 40”, which is the Sum of the Semi- 
diameters of the Sun and Moon, and carry the Points of the 
Compaſſes in ſuch Manner over the Minutes of the Parallel 
and Shadow's Path, till they fall upon the fame Minute in each 
on both Sides of their Interſection, and you will find the Co- 
incidence on the left Hand, for the Beginning of the Eclipſe in 
the Morning will be at 9* 4” 30”; and for the End in the 
Afternoon, the Points will fall on 12 h 37 30 in each; which 
Points if on Arches of Circles ae b and dec be deſcribed, 
they will mutually touch in e, and ſhew the BEGINNING ; 
as two others, mqn and pq o will, by their Contact in q, ſhew 
the EN D of the Occultation at Lo N DON. 

3960. To find the Time of the Greateſ Obſcuration or 
Middle of the Eclipſe at London, obſerve very nicely with the 
Points of the Compaſſes what two Poinis denoting the ſame In- 


ftant of Time in the Parallel and Lunar Paths are neareft toge- 


ther of all others, which you will find to be between the 29th 
and goth Minute after 10 in each; but neareſt the latter; 
therefore the Middle Moment of the Eclipſe was at 10 29 
35'* 

3961. As I had the Honour to wait on the Right Hon. the 
EARL of DELAW AR, and other Noblemen and Gentlemen, 
at his Houſe in Hanover-ſquare, to repreſent the Phaſes of 
this Eclipſe through a — Teleſcope, which formed the 

| Phens 
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Phenomenon on a large Sheet of Paſteboard properly in- 
clined, and fixed for taking Meaſures; I had the Opportu- 
nity of obſerving the Beginning of the Eclipſe, and alſo to be 
pretty certain of the Time when it ended (though that could 
not be ſeen) and theſe Moments were nearly the ſame as thoſe 
above aſſigned from the Theory; and theſe Times of the 
Phaſes have alſo been confirmed by others, who had the Ad- 
vantage of a clearer Air to make their Obſervations on them 
more accurately, ; 

3962. But with regard to the Quantity of the Phaſes, parti- 
cularly that of the Creſcent, in the Middle of the Eclipſe, 
there was not the ſame Agreement between the Theory and 
Obſervations ; for by meaſuring the wideſt Part of the Creſ- 
cent very carefully and often, about the Time of its being 
largeſt, and likewiſe the Diſtance and Poſition of the Cuſpi- 
des, I found that from the Reſult of them all, the Breadth of 
the Creſcent, in the wideſt Part when a Maximum, did very 
little exceed a Twelfth Part of the Sun's Diameter, or that it 
was very near 2' 45” when meaſured on a proper Scale of 
Digits. 

2963. Now this differs much from what we collect from 
the THEORY, and by a large PROJECTION; and therefore 
it will be neceſſary to be very exact in repreſenting and in- 
quiring into the Cauſes thereof. For let S be the Center of 
the Sun's Diſk aecf (Fig. 1. Plate III.) M that of the 
Mimn's Diſt bed f; then by the Projection the Diſtance 8 M 
of the Center in the greateſt Obſcuration was 1 45” ; this 
added to S a= 16' 2” gives Ma==17' 47” ; from this take 
M 6 = 14' 38”, and there will remain ab = J' 9” = to the 
Breadth of the Creſcent, which, inſtead of being m of ac 
= 32' 4'', is more than a vr Part. 

3964. In this great Difference the A/ronomical Tables have 
do Share; for the Theory of the Earth's Motion is ſo well 
noten, that the Sun's Apparent Diameter is at any Time or 
Diſtance known; and is the ſame within a few Seconds in 

all 
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all the Tables extant of late Publications. Thus for the pre- 
| - ſent Anomaly 9 19 23“ (3907) we have the Sun's Apparent 
| Diameter in the Tables by 0 
N ; | #44 
l Dr. HALLE“ = - - 32 9 
| CASSINI = - " 32 6 
}! j Deg La CAlIII = - 32 4 
| MaYER , = « - 32 4 
| | 3965. The Moon's Apparent Diameter is indeed a little 
41 11 j uncertain, as we do not know the true Proportion of her 9 
1 0 Magnitude to that of the Earth; by the lateſt Diſcoveries it 
ſit! j ſhould be that mentioned in (3914) which makes the Lunar : 
| | Semi-diameter for her preſent Horizontal Parallax but 14 1 


1 38“. Mr. De la Caille's Ratio of 55 {5 to 15 (in his Aftre- 5 
my 0 nomy, Page 300) makes it ſtill leſs, If we take it from F 
Tables that make it largeſt of all, viz. 14/ 46”, or 14 48%, 0 
it will avail us little, for 14 47“ will give the Width of the 
Creſcent at a B full 3', exceeding the ſame by Obſervation 
by 15” (3992). | 

3966. The Cauſe of this Difference is therefore not in the 
i Aſtronomical Elements of the Theory, but undoubtedly in the 
; 11088. Earth itſelf. Had we beheld this Phanomenan from the Sur- 
| face of a truly Spherical Earth, it would have had nearly 
17 | the Phaſes of the Theory; but bcing ſeen from an oblate 
| i Spheroid, thoſe Phaſes muſt neceſſarily change, and become 
N | | what we obſerved them ; and as it is a Matter of the higheſt 
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Importance to demonſtrate the Conſequence of Effects from 

their genuine Cauſes, and to reconcile the Diffferences that ; 
may ariſe between them and the Theory, I ſhall employ the : 
1 two following Chapters for this Purpoſe, eſpecially as our [ 
e Books of Aſtronomy are almoſt ſilent in ſo intereſting an 
Affair. 
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CHAP. XIII. 


Of the true Ficurs of the EARTH, and ſuch 
Calculations as are neceſſary for reducing the 
SPHERE to the SPHEROILD, for ſolving the Pi- 
NOMENA of ECLIPSES, 


3967. S the FIGURE of the EARTH is a Point of 

A the higheſt Conſideration in all A/ronomical, Geo- 
graphical, and Nautical Calculations, it will be neceſlary, in a 
Work of this Kind, to lay down a few Principles and Me- 
thods of Computation relative thereto ; eſpecially ſince if the 


Figure of the Earth deviates ever ſo little from that of a 


Sphere towards an oblate or flatted Spheroid, there will ariſe 
ſome ſmall Differences in the Quantity and Times of the Phaſes 
of ECLIP$SES, as they are computed from TABLES, which 
can only adequately anſwer to the Figure of a real GLoBz, 
as we obſerved (3966). 

3968. This Doctrine has been largely treated of in a for- 
mer Part of this Work (from 3370 to 3391.) with reſpect to 
the Phyſical Cauſe ; therefore what we have now to do is, to 
ſhew how the Effects ariſing from thence, which concern the 
Doctrine of Eclipſes, may be computed, and a proper Eſti- 
mate made thereof, and Allowance for them, in all Phæno- 
mena of this Kind. 

3969. For this Purpoſe, let EP Q be a Circle, and EQ 
an Ellipſis generating the Sphere and Spheraid upon the Dia- 
meter EQ. Then with regard to our Earth, let EQ be the 
Diameter of the Eguater, and PC the Semi-Axis of diurnal 
Rotation in the Sphere, and p C that of the Spheroid ; then 
are P and p the Poles in each, and we have ſhewn (3385) 
that CP: CD:: 266: 264,7, and therefore putting CEP 
we have Pp = z#x = 0,00370. (See Fig. 2. Plate III.) 
3970. 
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| 
| 3970. But in Caſe of Eclipſes, the Radius of the Earth's 
i - Diſk CE=CP= 54 = 3240“ ; and we have P p=12/,2. 
| Let G F be the Path of the Shadow, then will the Center of 
| the Shadow emerge {rom the Spheroid at T, and from the 
\ Sphere at F ; then by finding D F we ſhall have the Differ- 
f ence in Time of the End of the Central Eclipſe on the 
| þ Spheroid and Sphere. 
| (FOR 3971. In order to this, we find the AngleI CP = 2P, by 
011410008 knowing the Sun's Declination and Obliquity of the Ecliptic 
* | at the Time of the Eclipſe. Thence is found the Angle 
44 B CPS 28“ 25 (See Plate II.) which taken from BCF 
= 42< 50' (3954) there will remain PC F = 14 25 tho 
Complement of which is FCQ = 752 35', which is the 
7 Latitude of the Point F. 
f 3972. From F let fall the Perpendicular FN (which will 
ö j be the Sine of QF} cutting the Ellipſe in H, then from the 
1. Equation of the Curve (767) we ſhall have CP : FN:: 
1 Pp: F H; that is, as Radius (r) : Sine (s) of QF, ſo is 
1 er 11,6. 
2973. Then becauſe of ſimilar Triangles FCN, and 
e: FN:: ::: FH: FB 12,64 
| Hence, by the way, it appears that Pp, F H, F B, are in Ges- 
16 65 metrical Proportion. 
| 3974. Laſtly, In the right-angled Triangle FB T there are 
| |; known the Side F B and the Angle BF T (3954) to find the 

| WH: 1! Hypothenuſe T F ; thus the Sine of theAngleB T F==420 500 is 
| 


—— = 
— 
- —— 


(Bt! to Radius, as FB=11i",54 is toF T = 17”, fere. Then be- 

11887) cauſe the Moon's hourly Motion is 27, 18 or x 31“ in 3600” 
of Time; therefore ſay, As 1631” : 3600” : : 17” : 37% of 

[| Time, which is the Difference between the Times of the 

1 End of the Eclipſe on the Spheroid and Sphere. 

| 3075. If the ſame Calculation be made for the Beginning 

j of the Central Eclipſe at G, you will then have the whole 


10 | Difference in the Duration of the Central Eclipſe, which 
I will 
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will be about + of a Minute leſs on the Spberoid than on the 
Spbere. | 

3976. The better to judge how this Spheroidal Figure of 
the Earth affects the Phænomena of the Solar Obſcuration for 
any particular Place, we muſt find the Poſition of the Parallel 
of that Place both on the Sphere and Spheroid, and then we 
can delineate the Aſpects or Phaſes of the Luminaries from 
each, and conſequently be informed of their Difference both 
in regard to Quantity and Time. 

3977. Thus, for Example, let LQ be the Latitude of 
Lox Do, and its Parallel is drawn on the Spherical Diſk by the 
uſual Rules of the Orthographical Projection; but to lay down the 
ſame Parallel on the Diſk of the Spheroid, we muſt find the 
Diſtance between each as follows : Draw the Radius C L, and 
the Sine LR, cutting the Ellipſis in e and g; then make g D 
= ge, and draw D W parallel to C L, and it will be perpen- 
dicular to the Ellipſis in D, therefore the Point D on the 
Spheroid has the ſame Latitude as L on the Sphere, becauſe of 
the Angle DW Q=LCQ. Laſtly, parallel to CQ draw 
DM cutting the Line LR in O, then is LO the Diſtance 
between the Parallels to be found. | 

3978. To effect this, ſay, As Radius (7) is to the Sine (s) 
of 51* 30“ (the Lat. of London) fo is Pp=12",2 to Lg 
=9'',55. Again, Pp: Lg::Lg:Le=7',5 nearly. In 
the ſimilar Triangles C g R and Lg d, we have Cg:CR:: 
Radius (7) to the Coſine of L (c) :: Lg: Ld=06" nearly; 
but Ld=eg; and by the ſimilar Triangles g L and Dę O 
we have Lg: ge:: g D: g O = 3%72. Then Lg +g0 
29555 + 3,72 =13',27 = LO, the Diftance of the Paral- 
lels on the Sphere and Spheroid, as required. 

3979. But to have ſtill a better Idea of this Affair, let us ſee 
how many Seconds of a Minute on the Diſk one whole Degree 
occupies/ in our Latitude. Thus, As Radius is to the Sine 
of 52˙, ſo is 3240” (the Seconds in the Radius of the Diſk) 
to 2559” ; and Rad.: Sine of 51*:: 3240” : 2519"; there- 

Vo. III. K fore 


66 INSTITUTIONS of. 


_ fore one Degree = 40'' ; hence the Diſtance of the two Pa- 
" rallels 13,27 is very nigh 3 of a Degree, or we are 23 Eng- 
liſh Miles nearer to the Equator on the Spheraid than on the 
Sphere. From hence alſo it appears, that two Engliſh Miles 
nearly correſpond to a Second of a Minue on the Earth's Diſk 
with us. 

3980. This Figure of the Spheroid and Sphere will afford 
many other curious Inveſtigations relative to the True Dimen- 
ſions of the Ear TH, the Direction of GRAvITY, the Lunar 
Horizontal PARALLAXES, c. But as theſe great Points 
are not immediately connected with the Doctrine of Eclipſes 
further than they have been already conſidered, I ſhall con- 
clude with only one Obſervation more, viz. That ſince it is 
well known, that in the Latitude of 549 44' a Degree of the 
Spheroid is equal to a Degree «of the Sphere under Conſideration ; 
therefore the Convexity of the Spheroid in the Latitude of 
London 1s very little different from that of the Sphere, and 
confequently the Dimenſions of the Shadow upon each will be 
very nearly the ſame, What theſe are, will be the * of 


our next Inquiry. 


CHAP. XIV. 


Of the Fox and Dimtenstons of the Dark 
ShAapow on the SUuRFAce of the EARTH, 
conſidered both as a SPHERE and SPHEROID, 
with a Geographical DELINEATION thereof for 
ENGLAND, FRANCE, Cc. 


how far the Phænomena of Eclipſes (eſpecially 


thole of the Sun) are concerned and affected by the Figure of 
the 


3981. B: the foregoing Calculations | ſufficiently appears 


n iz 
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the Earth; it is eaſy from thence to obſerve, that the Spheroid 
will alter their Phaſes on a double Account ; for (1) As the 
Earth becomes flatted in the Northern Parts, the Shadow will 
extend to greater Northern Latitudes than it could do on the 
Spherical Earth, And (2) The ſame Place (as Loxpox) will 
upon the flatted Spheroid be brought nearer to the Equator 
(3979) and conſequently nearer to the Shadow in Eclipſes. 
3982. But in order to a further Illuſtration of this Subject, 
we ſhall treat more particularly of the Doctrine of Shadows, 
and ſhew how their Dimenſions may be eaſily eſtimated in 
every reſpect upon the Surface of a Sphere, and then afterwards 
how they are reduced and eftimated on the Surface of our Earth, 
conſidered as a Spbereid. To this End, let o 4 (Fig. 3.) be a 
Part of the Circumference of the Earth's Diſk, whoſe Center 


is at S; and let K LMN be Part of the Path of the Shadow 


over it, and ACBD the Shadow itſelf in any particular or 
given Poſition. 

3983. It is now, in the Firſt Place, eaſy to conceive that 
the Section of the Lunar Shadow by a perpendicular Plane, 
as that of the Earth's Diſk, will be a Circle as here repre. 
ſented, whoſe Dimenſions are calculated as before directed 
(3979). 

3984. But the Interſection of the ſhadgwy Cone by the 
convex ſpherical Surface of the Earth is not a Circle, but an 
Oval, nearly approaching to an Eilipſis, and whoſe ſeveral Di- 
menſions are now to be eſtimated or meaſured. In order to 
this, let AC B be a circular Section of the Shadow juſt at 
the Surface of the Earth, and it will be parallel to the Plane 
of the Diſk. Then let 8 1 be the Projection of a Fertice! 
Circle paſſing through the Center of the Shadow, and draw 
Aa, Bb parallel to SI, then will @ b be the Arch of a Cir- 
cle, which, when meaſured in Degrees and Minutes, will Chew 
the lea/? Diameter of the ſhadowy Oval on the Earth's Sur- 
face. 

3985. It is farther to be obſerved, that this leaſt Diameter 
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of the Oval is conftant, or the ſame, on every Part of the Sur. 
face in its Paſſage N thus at P, by drawing 8 þ thro' the 
Center, and Os, Qg, parallel thereto, the Arch og = ab; 
and ſo it will be eyery-where, 

3986. To find and eſtimate the longeſt Diameter of the 
Oval, let Cc and Dd be drawn perpendicular to SI ; then 
from the Nature of the Projection we have Ic IC, and 14 
= ID, and conſequently, 4c will be the Meafure of the 
Length of the oval Shadow on the Vertical Circle 81; which 


therefore, it is plain, will be the longeſt of all on the Earth's 


Surface. It is alfo eaſy to conceive that this longeſt Diameter 


is every-where variable, and its Limits eaſy to aſſign. 


3987. As two parallel Circles upon a Globe include a Zone 
or Space every-where of an equal Breadth, ſo the two Lines 
K M, LN, may be confidered as the Projections of two ſuch 
Parallels, and they will include that Part of the Earth's Sur- 
face over which the elliptic Shadow paſſes ; and conſequently 
it muſt appear, that that Tra of the Earth is a Zone of an 


\ equal Breadth, and is deſcribed by ſuch a Diameter of the 
Shadow as is meaſured by the Arch gh. 


3988. It is further evident that this conſtant Diameter g 5, 
or Breadth of the ſhaded Zone, will ever be greater than 
the leaſt Diameter a b of the Oval Shadow ; but always leſs 
than its greateſt Diameter c d, except in one Caſe, viz, when 
the Shadow is at K L, where 8 L is perpendicular to the 
Path, for then c d coincides with y h, and is equal to it; 
which therefore is in the Middle Moment of the general 
Eclipſe. | 

2989. Laſtly, If we make Ee and Ef perpendicular to the 
Path, they will include the Arch ef, which will meaſure that 
Diameter of the Oval which is perpendicular to that of its 
Breadth. This will be every-where variable, and equal to 
the ſhorteſt Diameter @ b in the Middle of the Eclipſe at K. 

3990. Hence, either by Calculation or Projection, the Va- 
Jue of theſe ſevera] Diameters may be accurately obtained in 

Numbers. 
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Numbers. For Example, If we ſuppoſe the Apparent Semi- 
diameter of the Moon (according to MAVYER's Table there- 
of) to be 14” 46”, then this being taken from the Sun's Semi- 
diameter 16' 2“, leaves 1' 16” = 76”, the Semi-diameter of 
the Shadow (3930). Hence the leaft Diameter of the Shadow 
is ab = 152” ; the greateſt Diameter c d= 229" ; and the 
Breadth of the Shadow g h = 224”. | 

3991. It remains now to give a Geographical DELINE a- 
T10N of this ECL1PsE, as it was found by Experiment to 
happen on the Spheroid or real Earth, and then we ſhall eaſily 
ſee the Reaſon why the Phænomena by the Theory ſhould be 
ſo different from thoſe which were really obſerved. For this 
Purpoſe a Map of the Paſſage of the Shadow over the South- 
Eaſt Parts of ENGLAND, the CHANEL, Coaſts of FRanceg, 
FLANDERS, German OCEAN, &c. will be ſufficient for a 
thorough Elucidation of this Affair (See Fig. 4.) 

3992. The firſt Thing to be determined in the Conſtruc- 
tion of ſuch a Map was, the Vicinity or Diſtance of the 
North-weft Limit, or Line G H, of the Shadow, from the Me- 
tropolis of LoN DON; and alſo its Poſition in regard to the Me- 
ridian. To aſcertaint he firſt of theſe Points (as I had then an 
Undertaking of this Nature in View) I ſent my Son in Company 
with a Gentleman to RocyntsTER, on the Morning of that 
Day, to obſerve the Phaſes of the Eclipſe there; which they 
did, in Company. with many of the principal Gentlemen of 
the City, with a Variety of Glaſſes ; and they all unanimouſly 
agreed, that not the leaſt Glimpſe of the Sun's lower Limb 
appeared at the Time of the greateſt Obſcurity. This demon- 
{trated that the. Diſtance of the Shadow from LoN DON alittle 
exceeded the Diſtance of the City of RoCHESTER. 

3993. That the Shadow was very near to Rachefter is cer- 
tain, becauſe ſeveral Gentlemen at Canterbury, but eſpecially 
at Dover and Hythe, ſaw the Annulus ſo plainly and completely, 
that they could ſcarcely obſerve (with ſmoaked Glaſſes) any 
Difference in the Breadth of the upper and lower Parts there- 

of. 
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of. Therefore the Shades Proximity to London is ſettled be. 
'yond Diſpute “. | 


3994. The ſecond Thing was, to determine the D1x tx c- 
TION of e Shadow with reſpect to the MERIDIAN of 
Lonpon. This I attempted two Ways, viz. by a large 
Projection, and alſo by actually drawing the Path of the Sha- 
dow on the Surface of a large Terreſtrial Globe properly 
rectified for the Purpoſe. And by repeated Meaſures of the 


' Angle of Poſition both Ways, the Reſult gave it 349 30', and 
ſuch therefore is the Angle which the Line G H makes with 
the Meridian of London. 


3995. Having thus determined the Direction of the Shadow, 


its Poſition and Delineation is then very eaſy, as alſo to find its 
Magnitude in every Part, viz. by making the ſhorteſt Diameter 


QR=1;2”, the longeſt OP= 229“, and the Breadth of 
the Shadow S T = 224, from the Scale of Minutes, which 
may be ſo contrived, and diagonally divided, as to give the 


Length of thoſe Lines to a Second. 


3996. By the Meaſures of the Creſcent in the wideſt Part 
ab (Fig. 1. it was found to exceed a very ſmall Matter on 


Digit, or 22 Part of the Sun's Diameter. Now let ab =7 


40” = one Digit exactly; then will the eleven Digits b c=29/ 
24 taken from the Moon's Diameter b4 = 29 32“ leave 


£4 =8”, which therefore muſt be the Diſtance of the Line 


of 11 Digits FE from the Limit of the Shadow GH; but 
this is about 15 Miles (3979) or half the Diſtance from Len- 
don to Rochefler ; and therefore at London the Sun's Creſcent 
appeared about 2 48“ when of the leaſt Breadth. 

3997. If then from the Sun's Semi-diameter S a == 16' 2” 
you take ab = 2' 48”, there will remain 85 = 130 14", 
which take from the Moon's Semi-diameter Me, there wil 
remain SM = 1' 32” for the Diſtance of the Centers of the 


Sun and Moen as ſeen from London. 


In the laſt vol, of the Tranſaftions there is an Account of Mr. 7M. Marray's 
viewing the Eclipſe at Chatham with a 12 Feet Teleſcope, through which, he ſays, 
he ſaw the Sun's lower Limb, and the Part of the Annulus there, as fine 222 
Hair, Hence the Line or Limit G H undoubtedly paſſed through Ctatham, 3: 


3098. 


cre repreſezted in the Map. 
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2998. All theſe Circumſtances of the Eclipſe obſerved from 
the Earth, as a real Ellipſoid, are, we ſee, widely different 
from thoſe which are derived from the Theory for a ſpherical 
Farth; and all evidently owing to what we demonſtrated 
(2978) viz. That the Parallel of London on the Earth is nearer 
to the Shadaw by 3 Part of a Degree than the Parallel of the 
ame Latitude on the Sphere. Therefore if we conceive the 
oblate Spheroid of the Earth to expand itſelf into a perfect 
Sphere whoſe Axis is equal to the Diameter of its Equator, 
then will the preſent Parallel of Londen A B be carried north- 
ward to C D, and the City of London to the Point L. 

3999. Hence the Inhabitants of Landon at L, being re- 
moved farther from the Shadow, would ſee the Creſcent in the 
Middle of the Eclipſe much broader, viz. 3“ (3965) they 
would ſee the Moon's Center more diſtant from the Sun's, 
viz. about 2' 45 (3962). In ſhort, all the Phaſes of the 
Eclipſe would in ſuch a Caſe have appeared to us at L, much 
the ſame as they now appeared to the Inhabitants of the Town 
of Hertford. 

4000. Add - to this, that by ſuch an Expanſion of the 
Northern Parts our Earth in the Counties of Ess Ex, SUF- 
FOLK, and NORF@LK, would have been carried quite out 
of the Shadow, and only the /e of Thanet, and Southern Part 
of KENT and SUSSEX; of all Gx RAT Brain, would 
have ſeen the Annulus at all. 

4001. The ſollowing Table was forgot to be inſerted in 
its proper Place (at Page XVI) and therefore we give it a 


| Place here. It was computed by the celebrated Mayer, from 


a great Number of Obſervations made on purpoſe to deter- 
mine the Ratio of the Moon's Equatorial Diameter to her 
Horizontal Parallax, which at length he found to be very 
preciſely as 30' to 55 2“; and from that Ratio he con- 
ſtructed this Table, which ſhews her Diameter for any given 
Horizontal Parallax corrected. The above Proportien is alſo 
verified by actual Meaſures made of the Moon's Diameter 

whillt 
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whilft ſhe was on the Sun's Diſk, viz. by Mr. BLiss'it wa 

found (from a Mean of ſeveral) to be 29' 45“, 1; but thi 
being on the Earth's Surface at an Altitude of 3%, will be 
about 1$/' larger than if ſeen from the Center; whence her 
Diameter will be at the Time of the Eclipſe 297 27% 5, ſcarce 
5 different from Mr. Mayer's, which therefore may be de. 
ſervedly eſteemed the moſt exact of any extant. 
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Sun in julian Vears. 


FF "+ IT. 20 
lulian Years. Me. Mo. of Apo./Przc. af Hui. 
| $ o / il! S: © 1 Ea 

111 29 45 4 — 899 
2111 29 31 21 2 I 41 
2123 29 17 3 3 9 2 
B. 4% o 1 50 4 12 32 
51 29 47 30 5 Is 4 13 
| 6111 29 33 11 6 18 5 4 
711 29 18 51 721 5 54 
. 800 o 3 40 8 24 © 45 
9411 29 49 20 9 27 7 35] 
10,1 29 35 1 10 30 8 26 
11111 29 20 41 11 33 9 17] 
B. 120 © 5 30 12 36 18 
13:11 29 51 10 13 39 10 58 
1411 29 36 50 14 42 11 48 
111 29 22 31 15 45 12 39 
. 160 o 7 19 16 48 13 30 
17111 29 53 0 8 14 * 
18 11 29 38 40 18 54 15 11 
| 1911 29 24 21 I9 57 20. 1 
B. 20 9 Y 47-0 16 52 
, 49 o 0 18 19 42 0 33 44 
B. 60 2 © 27 28 EY 0 50 36 
. 80 0 © 36 37 I 24 0 © 57-20 
B. 100 © 0 45 47 I 45 © 1 24 20 
B. 200-0 i 2 48 70 
. 300 © 2 17 20 0 3 
B. eee 33:2 TY 5 37 20 
1B. coo” © 3 48 53 8 45 © 1 
3, 60 © 4 34 40 10 30 0 8 20 0 
B, 700, 0. 5 20 27] 12 15 © 9 50 20 
. 800, 0 6 6 13 14 0-00 - $636 4 
3. goo! O 6 52 o 17 45 © 12 39 
B. 180% 7 37 i 
P. 2009] 0 I5 15 33 1: 5 0 0” EXD 
B. 3000! o 22 53 20 1 22 30 0 1 12 10 
B. good i % i 210-0 . 200059 
B. 500 18 9 53 2 27 30 ( 2 10 16 40 
B. 600 1 15 47 40 3 15 o <| 2 24 20 q 
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Table II. Epochs of the Sun's Mean Motions. 
Adapted to the Obſervatory of Paris. 
| julian Mean Long, of 2 Long. Apog. 
Style. 88 2 
r EM 5 
-d 600 6-42.36 7 1-2 $7.29 27 
3 500 | 9 4 10 48 1 29 14.27 
＋ 420 9 4 50 34 2 © 59 27 
= 300 9 $5: 42 21 2 2 44 27 
2 200 9g 6 28 $ 3.4 290 27 
|=; 100 9 7 13 54 2 14 27 
ST 119 7 59:41 |'2 7:59 27 
| 109 9 8 45 28 3 44 $7 
< 200 | 9 9 31 14 | 2 11 29 27 
2 $200 $10 237 12 2 13 14 27 
9 400 9 1-2 46 2 14 59 27 
* 5co 9 11 48 34 2 16 44 27 
O 600 | 9g 12 34 21 2 18 29 27 
700 9 13 20 8 2 20 14 27 
$00 9 14 5 54 | 2 T1 59 27 
9oo 9 14 51 41 2 23 44 27 
; 1000 9 15 37 28 = 25 29 27 
1100 9 16 23 15 225 14 27 
I 200 & 37 Y I 2 28 59 27 
| 12300 9 17 54 48 3 0 44 27 
1400 9 18 40 35 , | 
1460 | 919 8 3 | 3 3 32 27 
1480 | 91917 12 | 3 3 5327 
1520 9. I9 26 22 3. 4 14 27 
1 * * Table It 
F ee 
1 1 
5 70. 
8 g 
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Table IT. 
Adapted to the Obſervatory of Paris. 


Epochs of the Sun's Mean Motions. 


rm oy ih @ ? a> 
8 TY. TY 5 
= Z — (ORG l Y Yr Ih. 
* LU = 88 
of & ye 2 U 
F. „ere 
= 89 | 9 PY 190 


11 Mean Long. of 0 Long. Apog. ; 

Style. "A 
8 0 i $ 0 / Ill 
1520 | 9 19 35 31 3 4 35 27 
2 1540 | 9 19 44 40 | 3 4 56 27 
21560 | 9 19 53 50 | 3 5 17 27 
91580 9 20 2 59 3 6: 36:23 
Grego- Mean Long. of © Long Apog. 
„ 
1700 9 10 7 24 3 7 44 25 
1736 9 10 23 53 3 2 
1737 | 910 933 | 3 8 23.16 
1738 | 9 9 55 14 | 3 8 24 19 
1739 | 9 9 49 54 | 3 8 25 22 
1740 9 10 25 43 3 8 26 25 
1741 9 10 11 23 3 8 29 28 
1742 | 9 957 4 | 3 5 28 31 
1943 | 9 9 42 44 | 3 8 29 34 
1744 | 910 27 33 | 3 8 30 37 
1745 9 10 13 13 3 8 31 40 
i746 | 9 9 58 54 | 3 8 32 43 
1747 | 9 944 34 | 3 $ 33 4 
1748 9 10 29 23 | 3 8 34 49 
1749 | 91015 3 | 3 8 35 $2 
1750 9 10 0 44 | 3 8 36 55 
1754 | 9 94624 | 3 $ 37 58 
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Table IT. Epochs of the Sun's Mean Motions. 
Adapted to the Obſervatory of Paris. 


| Grego- Mean Long. of | Long. Apog. 
rian — m—__— — 
| Style. 3 1 Ee ur 1 
1752 9 10 31 13 3 8 39 1 
1753 | 9 10 16 53 | 3 5 40 4 
1954 | 9 10 2 33 $581 4:7 
1755 | 9 9 48 14 | 3 8 42 10 
1756 | 9 10:33 2 3 8 43 13 | 
ot | 1757 9 10 18 43 3 8 44 16 
1060, 1758 9 10 423 | 3 8.45 19 

| 44 1759 9 9 50 4 3 - $ 40 22 

Min IT 3 * 

1 WIR 1760 9 10 34 52 3 8 47 25 
It {| 1761 9 10 20 32 3 8 48 28 
11489, 1762 9 10 6 13 3 8 49 3i 
11/88: 1763 9 9 51 53 [3 8,5034 
1 1764 | 910 36 42 [ 3 83 51 37 
I , 1769 9. 10: 2222 3. $ 52 40 
15 | 1766 | 9 10 8 3378 53 43 
(1408: | 2767+ 9 9,53 433 © 54 4 
110 i e * — 
* | 1768 9 10 38 32 3 8 55 49 
1 | 1769 9 10 24 12 3 8 56 52 
{ | 1770 | 9 10 9 53 3 8 57 55 
[ | 1272 119: 9.55.38: |; 3 5 58.56 

Wl i 1772 9 10 40 22 3--9 --0- -4 

il 1773 | 91026 2 | 3 9 1 4 

h _ [9 0 1 43: | 9 $2 
n= 71-9 9 57 <$ 3: 9 3.261 
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Table II. kes 1 un's Mean Motion. 


Adapted to the-Oble atory of Paris. 
Grego- Mean Long. of 00 Long. Apog. | 
rian — * 3 5 
Style. 8 0 / 17 | $ 0 © 2 
| 1776 9 10 42 12 3 9-4 19 | 
| $777 | 9 10 27:52 | 8:6 el 
1778 9 10 13 32 38 
1779 9 9 59 13 SY 2 
1780 ＋ 10 % 1 2 « Q 
| I781 | 9 10 29 42 3 9 9 28 
1782 9 10 15 23 1353 35 
1783 1 3 9 11 34 
1784 | 9 10 45 52 | 3 9 12 37 | 
1783 9 10 31 32 3 13 40 
1786 | 9 10 17 13 | 3 9 14 43 
1787 % 3 I; 40 
1788 9 10 47 42 16 49 
1789 9 10 33 22 17 52 


1790 9g 10 19 5 


9 
9 
9 
9 
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3 9 
K 
1791 9.10 413 E23 
1792 9 10 49 % Þþ $- S861 
1793 9 10 35 12 3 9 22 | 
1794 9 10 20 52 898817 
1795 9 10 6 33 3 9 24 10 
1796 9 10 51 21 3 923 13 
1797 | 91037 2 | 3 9 26 16 | 
1798 9 10 22 42 39 18 
1799 9 10 8 23 3 9 28 22 
1800 | 9 9 54 3 3 9 29 25 
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Table III. The Mean Motion of the Sun for Months and Days, 


2 January. February. | March. 
Me. Lon.) [A. Me. Lon. CA. Me. Lon. CA. 
„ 717... 5. 74 

1j o 59 B8oſr 1 32 27501 29 8 19|1c| 

210, 1 58 I7]oſt 2 31 35052 o 7 280 of 

30 2 57 25lojt- 3 30 4602 1 6 3661 

4/9 3 56 33]oj: 4 39 527% 2 5 45/11 

5/0 4 55 42Jojſt 5 29 6% 3 4 531 

610 5 54 Scr 6 28 8j6J2 4 4 111 

71 6 53 58}1]1 7 27 1762 5 3 10] 

800 7 53 rt 8 26 25|7]2 6 2 1812 

go 8 52 15]1]t 9 25 3317]2 7. 1 26112 

10/9 9 51 23121 10 24 4272 8 o 35[12 
110 10 50 321211 11 23 $317 12 8 59 43012 
120 11 49 400 201 12 22 58072 9 58 $1112 
1310 12 48 48021 13 22 7/72 10 58 9013 
140 13 47 57/2 [1 14 21 15082 11 57 813 
1510 14 47 531 15 20 231S]2 12 56 1613 
1600 15 46 12/2] 16 19 3282 13 55 25/13 
1710 16 45 22131 17 18 400 802 14 54 33] 3 
1800 17 44 30] 311 18 17 4882 15 53 41/13 
1900 18 43 38031 19 16 57/802 16 52 5014 
2c19 19 42 47]3]! 20 16 50802 17 51 58014 
21% 20 41 504/21 15 1309 18 51 Oſt 
22] 21 41 3/41 22 14 229% 19 50 14014 
23] 22 40 1241 23 13 30092 20 49 23014 
2410 23 39 204 t 24 12 3819]2 21 48 3114 
250 24 38 28] 41 25 11 479] 22 47 4ojts 
2619 25 37 37141 26 10 5511002 23 46 48115 
2710 26 36 455% 27 10 312% 24 45 5615 
280 27 35 5/5 28 9 110 25 45 5/15 
2019 28 35 2] 5 [After Jan. 2 26 44 1315 
35% 29 34 1c] 5 eb. fubduct] z 27 43 2116 
— -—| —[2ne Day: — — = 
zilt © 33 181 | 2 28 42 3oltb 
In the Months of Jan. and Feb. of -a Le: -ap- Y cars 

| ſubduct one Day from the given Time, | 
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be Table III. The Mean Motion of the Sun for Months and Days. 
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Me. Lon. OfA. Me. Lon. OfA. Me. Lon. OA. 


. 
— 
* 


8 


{ 
$a) Oy 000 | PPT - 
a | x 
NY 
Car 80 
— 
— 
— 
2 
RS | 
do 1 


= 


0 OG 

UW GU W Wd Wd 

WG Þ n_ On 

As 
I 

+ + > + + 


19 24 25120 
20 23 33120 
123]3 21 22 4120 
2443 22 21 500 
2503 23 20 58020 


— — — 


2603 24 20 620 
12713 25 19 15]21 
2803 26 18 2321 
2913 27 17 3i]21]4 26 51 41/266 27 
3003 28 16 4c[21]4 27 50 5of2bls 28 24 8131 


to 
OS 
WG Wo WW WW WW 
D 
MW 
UW 
— 
© 
DDr 
— 
— 
Un 
\O 
2 
D 
8 
> 
Ur 
— 
— 
|S) 
+ 
Un 
Go 
Oo 


II, 


July. 


Me. Lon. O. 


SArcf 


1 


. 


* 


MD 


23 16 


22 244. 
21 3213: 


20 41 
19 49 


C 


OS = OO 


3 cpa 


18 58 


18 61.7 


17 14 
16 22 


15 31]: 


— my — — 5 | 
A 2 = 
— — — — 


— 


yy mw. — | 
SOuy e un 
—— — — 

1 On + 


— 


. GG R WY ©) GN Wwe 
I—— 


— 
oC 


C 
GO 


SoSe 5 
| Un 
= 


19 2 
20 11 
21 19 
22 28]: 
27 - 2] 366 

1 44]. 

6 25 o 52 


B26 - of It 
6 26 59 93 
6 27 58 17 


2d 57 26 


Me. Lon. . 


56 34 


MD 


3 


—81 RJ Wau F W\ 


52 16 
51 24 


49 41 


O 0 


1 
7 22 36 46. 


23 35 54 


24 35 2 
25 34 11 
26 33 19 
27 32 27 


7 28 31 36 


Table III. The Mean Motion of the Sun for Months and Days, 


Auguſt, September. 
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Table III. The Mean Motion of the Sun for Months and Days, 
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Table IV. The Mean Motion of 


the Sun for Hours and Minutes. 
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201049 1750 % 2 3 12 

„„ Si 2 $40 
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Table VI. The Equation of the Sun's Center: 
The Argum. The Sun's Mean Anomaly, 
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o 38 444 21 27 17 1 53 19 10 
e er 17 O 22|— 
9 40 35 1 20 34 1 53 4 2 
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The DiRance of the Sun from the Earth, in Parts of 
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TABLE XXXI. 
The Moon's Diſtance from the North Pole of the Ecliptic. 


ArcumMent I. 


L. O. . | IL | 

S = © 1 nes © TY eons - 
®.: 6; . #20 1 

ol 59 49 380787 15 287 „85 22 26] - 30 
0 1189 44 155 72 87 10 507 38 85 19 46|7 729 
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935 Sl , 
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7 1488 35 5 "4 86 15 2313 + 84' 52 58 . - 16 
0 13 88 29 5185 1286 11 32 35184 51 32 4 15 
2 — 5 11 3 07— 1 10 
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4 171 58 19 315 2185 4 2[2 73 94 48 56], 1813 
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| TABLE XXXI. 
The Moon's Diſtance from the North Pole of the Ecliptie. 
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5 94 58 16 : 94 16 50 _ Le 23 48 _ 
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3194 57 8 28194 8 23], 58192 9 36]7 40 
494 57 320 26% 535]; 2 17142 
594 57 94 22 1 59 5075 
2 556 by — 138 4 54 
94 5 o 26 | 93 59 14 91-55 1 
794 55 59 32193 56 213 18191 50 5[ 45 
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919454281 643 2 23 26191 42 7] 3 
o| 94 53 34 93 45 5 9135 4 
0 3 30 $f 
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94 39 37 93 751 90 43 10 
— 11 4 9 5 
94 37 431 593 342], 129% 37 SI], 
94 35 44|, 312 5939], 169 32 315 
94 33 41], 92 55 4/4 209 27 11]; 
94 31 32 2 1492 50 544 24% 21 50 
94 29 18 92 46 304 2400 16 29 5 
— 12 4 27 | — 15 
94 26 58 | 92-42 31. 30 go 11 85 
942434 2 299 37 33], 32 5 46]: 
94 22 5. 35233 1 [4335 024]. 
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94 16 50 92 23 48 | 5 89 49 38 |? 
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271-20 $1 fog3 30 | 012 154 461 1 1 
0110-37 123 38 9. 4 420 © 20 "ITS 21 
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The Second Equation of the Moon's 
Diſtance from the North Pole of the Ecliptic. 
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= e. 
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| 20% | o® | 10%] 20% | 30 

541 52 | 45 | 41] 34 

52 52 484335 

49 $51 | 49 | 441.37 

41] 49 | 43 | 45 | 39 

44] 47 | 48 | 45 | 49 

49 0 45 | 42 | 45 [41 

30} 42 |] 45 | 45 | 42 

32 | 39 | 43 | 45 | 43 

2908 35 | 41144 | 44 | 

25 3238 | 42 | 44 

22 | 291 35 | 41 | 44 

19 26 | 33 | 39 | 43 

17 12331 f57 43 

5 15 1212835 | 41 
138 19 | 26 | 33 [40 | 

, 12 117243139 
2 12 116222937 
= [uz 15 | 20 | 28 | 35 
5 14115 | 20 | 26 | 24 
1 15 116 19 25 | 32 
* 18 Lz | 13 | 24 | go | 
21 | 15 | 19 | 23 | 28: 

24 | 20 | 20 | 22 | 27: 

| 28 23212226 
31 T2622 2225 

31129242225 

38132 262424 

4213329 2523 

45 383226 | 24 

42.342828 

511437 3025 

5312739 3226 

541.49 | 42 134 | 27. 

55851] 44|35 | 25 

56 15246 38 30 

55 1521477032 

B 540 52 [48141134 | 
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Continuation of TABLE XXXIII. 
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| 1 XI. j XII. 
l 0 10? 10” [2c oe 10” | 209 = 
| 42" | 48" 5s [o'57 % 53719 47% 41% 34 
33 | 46 59 ſo 59 P 57% 52 [046 [> 39 
E 34 | 43_ 59 [1 11 0 o 56 0 f so 45 
9 59 1211 o ſo 55 ſo 50 
26 | 35 58 1 211 1 2 t e 
4 —W Tn 55 j8 191 41/1 4/1 2 
19 27 53 o 59 f 3% 5 f 3 
16 23 49 o 57. 1 .0 
. 14 25 45 o 531 oft 4jrt 1 7 
13 19 41 0 5o fo 1 2 1 61 7 
1 37 ſo 45 % 531 o 41 7 
1 ro | 13 33 ſo 41 o 56] 111 6 
THe: 28 o 36 o 52 O 5881 3 
38-3 38 24 831 9 47 0 54 o 59 
= 113 } 11 20 lo 26 o 42 o 49 ſo 55 
bi 2g 122 16 0 22 0 36 0 44 o 50 
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